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Abstract
Background: Implantoplasty (IP) involves polishing of the exposed surface of implants affected by peri-implan-
titis (PI). A study was made to determine whether the degree of bone loss influences the fracture resistance of 
implants with or without IP.
Material and Methods: An in vitro study was carried out on 32 narrow (3.5 mm) dental implants with a rough 
surface and external hexagonal connection. Implantoplasty was performed in half of the implants of the sample. 
Both the IP and control implants were divided into two subgroups according to the amount of bone loss (3 mm 
or 7.5 mm). Standardized radiographic assessment of implant width was performed using specific software. The 
main outcome variable was the maximum compression force (Fmax) of implants when subjected to static resistance 
to fracture tests. Implant fractures were subsequently analyzed by scanning electron microscopy. A descriptive 
and bivariate analysis of the data was performed.
Results: Significant changes in implant width were observed after IP (p<0.05). No significant differences between 
IP and control implants were recorded in terms of the Fmax values in the two bone loss subgroups (3 mm: control 
854.37N ± 195.08 vs. IP 752.12N ± 186.13; p=0.302, and 7.5 mm: control 548.82N ± 80.02 vs. IP 593.69N ± 111.07; 
p=0.370). Greater bone loss was associated to a decrease in Fmax, which proved significant for the control implants 
(p=0.001). Fractures were more frequently located in the platform (n=13).
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Introduction
Peri-implantitis (PI) is a common disease that affects an 
important number of patients with dental implants (1,2). 
This complication leads to progressive peri-implant 
bone loss, creating defects of different anatomical char-
acteristics, shapes and sizes (3).
Different approaches have been suggested for the treat-
ment of PI, ranging from non-surgical to surgical options. 
Although a number of authors have described different 
resective and/or regenerative protocols, some controver-
sy remains regarding the most effective treatment for PI 
(4–6). Non-surgical therapies seem to be mostly ineffec-
tive in preventing disease progression in the presence of 
moderate or severe PI, though some reports claim other-
wise (7). On the other hand, surgical techniques are usu-
ally considered to be more predictable, since they seem 
to hinder the progression of bone loss (8,9).
Implantoplasty (IP) involves polishing of the exposed 
rough surface of implants presenting bone loss, with the 
purpose of detoxifying and smoothening these areas to 
prevent biofilm accumulation (6,10). However, a number 
of concerns have been raised, such as bone necrosis due 
to increased temperature, local and systemic toxicity of 
titanium particles released during IP, and a reduction of 
resistance to fracture (11,12). It is therefore important 
to determine whether IP is a safe technique that does 
not compromise the long-term prognosis of dental im-
plants. Several in vitro reports seem to indicate that IP 
does not significantly reduce the mechanical resistance 
of dental implants (13,14). However, a number of other 
variables may also affect this parameter. For example, 
the amount of bone loss resulting from PI inevitably 
modifies the mechanical equilibrium of the implant-

abutment-restoration complex, and can lead to compli-
cations related with the prosthetic components and im-
plants (15). Indeed, bone loss together with other factors 
such as implant diameter, crown-to-implant ratio (CIR) 
and bruxism have been associated with an increased 
risk of dental implant fractures (16). The implant design 
and connection might also be important in relation to 
mechanical resistance (17,18). As mentioned, implants 
with bone loss often require IP. This procedure reduces 
the thickness of the implant walls, which in turn can 
weaken the implant (19). Based on finite element analy-
sis, IP has been associated to a 10% decrease in implant 
resistance to fracture, independently of the bone level. 
Also, it is important to underscore that a critical thresh-
old might be reached when more than half of the length 
of the implant has lost bone support (20).
Due to the scarcity of scientific data for supporting 
clinical decisions, an in vitro study was carried out to 
analyze the influence of bone loss upon the fracture re-
sistance of narrow dental implants with hexagonal ex-
ternal connections with and without IP.

Material and Methods 
An experimental in vitro study was made of 32 titani-
um-type V narrow platform (3.5 mm) dental implants 
measuring 15 mm in length, with a rough surface and 
a hexagonal external connection (Ocean E.C., Avi-
nent Implant System S.L., Santpedor, Spain). Sixteen 
implants were randomly established as control group, 
while the remaining 16 served as the IP group. In turn, 
two additional subgroups of 8 implants each were estab-
lished according to the amount of simulated bone loss (3 
mm or 7.5 mm) (Fig. 1).

Conclusions: Implants with more apical bone levels appear to be more susceptible to fracture. On the other hand, 
IP does not seem to significantly decrease the fracture resistance of narrow (3.5 mm) platform dental implants with 
external hexagonal connections. The fact that most fractures occur in the platform area indicates that the latter is 
exposed to more mechanical stress.

Key words: Peri-implantitis, dental implants, compressive strength, titanium, implantoplasty.

Fig. 1: (a) Study design, groups and sub-groups; (b) 3 mm IP sample; (c) 7.5 mm IP sample; (d) 3 mm control sample; 
(e) 7.5 mm control sample. NP: narrow platform.
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for supracrestal exposure of the 7.5 mm subgroup. A 
universal mechanical testing machine (MTS Bionix 
370 Load Frame; MTS®, Eden Prairie, USA) applied 
compression force to the implants with an MTS Load 
Cell 661.19H-03 of 15 kN capacity. Compression forces 
were applied at a constant angle of 30 degrees from the 
vertical axis. Tests were controlled using MTS Flextest 
40 (MTS®, Eden Prairie, USA) that recorded real-time 
data and measured Fmax.
A descriptive analysis of the fractured implants was 
made from photographs taken with a scanning electron 
microscope (SEM) (Quanta 200®, FEI, Hilsboro, OR, 
United States).
- Statistical analysis
Previous results from Gherke et al. (17) were used to 
perform the sample size calculation using Stata v.14 
(StataCorp®, College Station, USA). Considering Fmax 
as the primary outcome measure, an analysis of vari-
ance (ANOVA) with an α risk of 0.05 and a statistical 
power of 80% was performed. Assuming a standard de-
viation of 500 N, the sample size was established as 8 
implants per group.
Scale variables (Fmax and implant width) were explored 
with the Shapiro-Wilk test, P-P scatter plots and box 
plots. The interquartile range (IQR) and median were 
reported when normal data distribution was rejected. 
The mean and standard deviation (SD) were employed 
in the presence of a normal distribution.
To analyze the effect of the group (IP or control) and 
subgroup (bone loss of 3 mm or 7.5 mm) upon Fmax, and 
the interaction between these two variables, two-way 
ANOVA was performed. The ANOVA assumptions 
were assessed using the Shapiro-Wilk test for normal-
ity and Levene’s test for homoscedasticity. Pairwise 
comparisons were made using Tukey’s correction for 
multiplicity of contrasts. An unpaired t-test was used to 
identify differences in implant width between control 
and IP implants. In each area of interest, Pearson cor-
relation coefficients were computed to quantify the cor-
relation between implant width and Fmax. Pearson’s χ2 
test or Fisher’s exact test were performed for categorical 
variables.
The statistical analysis was carried out with Stata14 
(StataCorp®, College Station, TX, USA). The level of 
statistical significance was set at p < 0.05.

Results
- Fracture tests
No correlations were observed between implant wall 
width and Fmax at any of the reference points (Fig. 2). 
There was no significant decrease in Fmax when compar-
ing control and IP samples within the same bone loss 
subgroup (3 mm: control 854.37N ± 195.08, IP 752.12N 
± 186.13, p=0.302; 7.5 mm: control 548.82N ± 80.02, IP 
593.69N ± 111.07, p=0.370) (Table 1, Fig. 3).

All implants were embedded in standardized bone-like 
resin casts (EA 3471 A and B Loctite®, Henkel AG & 
Company, Düsseldorf, Germany) with ≥ 3 GPa modu-
lus of elasticity according to the International Organi-
zation for Standardization (ISO) 14801:2016 (third edi-
tion) (Fig. 1), and received a customized hemispherical 
loading abutment. The protocol used is similar to that 
described in a recent paper (14).
- Implantoplasty
Implantoplasty was performed according to the tech-
nique described by Costa-Berenguer et al. (13). In 
short, an oval-shaped tungsten carbide bur (H379 314 
023; Komet Dental, Lemgo, Germany) and two sili-
con carbide polishers (9618 314 030 and 9608 314 030; 
Komet Dental, Lemgo, Germany) were used to remove 
and polish all the exposed areas of each implant with 
a high-speed handpiece. The procedure was performed 
by an experienced surgeon (BLA) with 2.8x magnifi-
cation loupes (Galilean HD and Focus™ LED 6000k, 
ExamVision ApS, Samsø, Denmark).
- Radiographic assessment of implant width
Modifications of implant width were evaluated radio-
graphically according to the procedure described by 
Camps-Font et al. (21) using plain X-rays and then ro-
tating them 120º and 240º using standardized mounts. 
All measurements were performed with ImageJ v.1.51 
(National Institutes of Health, Bethesda, MD, USA) by 
a calibrated investigator (BLA) under 400x amplifica-
tion. Six random implants were assessed twice to test 
intra-examiner agreement and consistency. The intra-
class correlation coefficients (ICCs) were 0.96 (95% 
confidence interval (95%CI) 0.93 to 0.98; p<0.001) and 
0.96 (95%CI 0.92 to 0.98; p<0.001).
Three reference areas were selected for the measure-
ments: length at the middle of the first thread (R1), tenth 
thread (R2) and at the end of the prosthetic screw hole 
(R3), perpendicular to the long axis of the implant. Ref-
erence point R3 could not be assessed in the 3 mm sub-
group, because this area was embedded in radiopaque 
resin. The mean measurements of the IP group were 
subtracted from their control analogues, thus obtaining 
mean reduction of the implant at each reference point.
- Fracture tests
Resistance to fracture tests were performed in each 
group to determine the maximum compression force 
(Fmax) reached before implant fracture occurred (main 
outcome variable). This procedure was similar to that 
described by Leitão-Almeida et al. (14), except for the 
amount of implant inserted in the resin and the length 
of the load abutment. In brief, 7.5 mm-high metal 
hemispheric load abutments (n=32) were placed on 
each implant using prosthetic screws (Avinent® Im-
plant System, Santpedor, Spain) at 32 N/cm. All tests 
were performed in accordance with the UNE-EN ISO 
14801:2016 (third edition) guideline parameters, except 
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A significant decrease in Fmax was observed in the 7.5 
mm bone loss subgroup in the control samples (mean 
difference (MD) 305.54N ± 145.65-465.43, p=0.001), 
and the effect of IP was similar in each bone loss sub-
group (Table 1, Fig. 3).
All control and 13 of the 16 IP implants fractured at 
platform level (Fig. 4). In the IP group, two implant 
body (Fig. 4) and one prosthetic screw fractures were 
also observed (Fig. 4).
- Radiographic assessment of implant width

The mean reductions in implant width after IP are re-
ported in Table 2. Implantoplasty was associated to 
a statistically significant decrease in width at the ob-
served reference points in all subgroups (p ≤ 0.05, inde-
pendent samples t-tests). The magnitude of the decrease 
was also similar across the bone level subgroups (p > 
0.05, one-way ANOVA).
No correlations were observed between implant wall width 
and Fmax at any of the reference points (Fig. 2). There were 
no perforations of the inner threads in any of the samples.

Bone loss subgroup Control IP Total sample MD (95%CI) P-value
3 mm Mean (SD) 854.37 (195.08) 752.12 (186.13) 803.25 (191.61) 102.24 (-102.21 to 306.70) 0.302
7.5 mm Mean (SD) 548.82 (80.02) 593.69 (111.07) 570.85 (96.45) -44.87 (-148.69 to 58.94) 0.370

MD (95%CI) 305.54
(145.65 to 465.43)

158.43
(-5.94 to 322.79)

232.40
(121.22 to 343.58)

P-value .001* .058 <.001*
*Statistically significant difference (p<0.05); MD: mean difference (control - IP); 95%CI: 95% confidence interval.

Fig. 2: Scatter plot assessing the relationship between maximum compression force (Fmax) and mean sample diameter.

Fig. 3: Relationship between maximum compression force (Fmax) and the amount of bone loss.

Table 1: Mean fracture resistance (N) of the bone loss subgroups in IP and control implants.
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Discussion
Based on the results obtained, IP does not seem to have 
a significant impact upon the resistance to fracture of 
narrow platform implants with an external hexagonal 
connection (Table 1). On the other hand, the amount of 
bone loss appears to be a relevant factor in relation to 
fracture resistance, since the Fmax required to fracture 
implants in the 7.5 mm subgroups was significantly 
lower than in the 3 mm subgroups (3 mm: 803.25N ± 
191.61; 7.5 mm: 570.85N ± 96.45; p<0.001) (Table 1). 
Thus, clinicians should be aware that narrow diameter 
implants with significant bone loss might be more likely 
to suffer fractures, and that IP does not seem to add any 

additional risk. Although the mean fracture resistance 
of IP implants decreased when bone loss increased, this 
decrease was not statistically significant. A possible ex-
planation for this is that most fractures occurred in the 
coronal region of the implant (platform area), indicating 
that this appears to be the most fragile area. Future re-
search should assess whether these results are also valid 
for internal connection implants.
As expected, a significant reduction in implant width 
was observed at all reference points due to the IP proce-
dure. Several authors have emphasized that implant di-
ameter affects fatigue behavior of the fixtures, and that 
IP probably reduces the forces required to reach a criti-

Control IP

Reference point Mean (SD) Mean (SD) MD (95%CI) Unpaired t-test
P-value

ANOVA
P-value

R1 (Length at the middle of the first thread)
3 mm 3.37 (0.05) 3.05 (0.06) 0.31 (0.26 to 0.38) <0.001*

0.685
7.5 mm 3.41 (0.03) 3.10 (0.06) 0.30 (0.26 to 0.35) <0.001*

R2 (Length at the middle of the tenth thread)
3 mm 3.27 (0.05) 2.80 (0.11) 0.47 (0.38 to 0.56) <0.001*

0.223
7.5 mm 3.29 (0.03) 2.89 (0.08) 0.40 (0.34 to 0.47) <0.001*

R3 (Length at the end of the prosthetic screw hole)
3 mm NA NA NA NA

NA
7.5 mm 3.03 (0.03) 2.62 (0.05) 0.41 (0.36 to 0.46) <0.001*

*Statistically significant difference (p<0.05); MD: mean difference (control - IP); 95%CI: 95% confidence interval; NA: not applicable.

Fig. 4: Scanning electron microscopy. (a) Lateral view of a control sample platform fracture; (b) Upper view of a control 
sample platform fracture; (c) Lateral view of an IP sample platform fracture; (d) Upper view of an IP sample platform fracture; 
(e) Detail of implant body fracture in an IP sample; (f) Detail of prosthetic screw fracture.

Table 2: Mean implant width (mm) in the IP and control groups at each reference point (n=32).
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cal stress point (15,20,22). The present report appears to 
contradict this statement, however, since the mean Fmax 
values of the control versus IP implants were similar. 
Nevertheless, it is important to stress that IP is not the 
only variable that should be considered when analyzing 
the mechanical resistance of dental implants with PI. In-
deed, recent studies have shown that implants with in-
ternal connections or with an unfavorable CIR seem to 
be more susceptible to fracture, and that parafunctional 
habits, implant design and base material can also affect 
implant strength - thus indicating that these variables 
also need to be taken into account (13–15,21). Likewise, 
our results suggest that the amount of bone loss appears 
to be a more relevant parameter than IP. A reduction 
of 305.54 N (95%CI 145.65 to 465.43; p=0.001) was 
observed in the control implants when the bone level 
shifted from 3 mm to 7.5 mm. The IP implants also pre-
sented a difference of 158.43 N (95%CI -5.94 to 322.79; 
p=0.058) (Table 1), which is in accordance with previ-
ous reports on the impact of bone loss and increasing 
pocket depths upon dental implant fractures (16).
Using finite element analysis, Tribst et al. (20) found 
that implants with lower insertion levels might increase 
damage to the bone. Also, IP increases stress in the im-
plant and prosthetic screw, and there is a critical thresh-
old when the inserted part of the implant is smaller than 
the exposed part. Similar methodology was employed 
by other authors who also found that the implant embed-
ding depth affects resistance to fracture (23). All these 
outcomes seem to be confirmed by the present study.
The platform area of narrow implants with hexagonal 
external connections seems to be more fragile than the 
body, since all control implants fractured at this point. 
In the 3 mm bone loss subgroup, all implants (n=16) 
fractured at platform level. However, in the 7.5 mm 
bone loss subgroups, two IP implants fractured in the 
body area and, in one case, the prosthetic screw broke 
- thus suggesting that IP might reduce mechanical re-
sistance of the implant body with increasing bone loss. 
Consistent with the present findings, other authors have 
also reported deformations at the platform border in all 
tested samples, reinforcing the idea that the platform 
area might be more susceptible to increased forces (17). 
When regular platform implants are subjected to IP, 
body fractures are more common in comparison with 
those observed in control implants, thus suggesting that 
IP weakens the implant body (13).
Some important clinical messages might be drawn from 
the present results. On one hand, clinicians should be 
aware that deep peri-implant bone defects are a risk fac-
tor for implant fracture. On the other hand, even though 
IP reduces the thickness of the implant walls, it does 
not seem to decrease the resistance to fracture of the 
fixtures. One might argue that this study simulates a 
very adverse clinical situation. Indeed, it is uncommon 

to find single-unit narrow diameter fixtures with deep 
peri-implant bone defects in the daily practice. In our 
opinion, this can also be seen as an advantage since 
it probably indicates that IP is unlikely to affect the 
fracture resistance in more favorable scenarios where 
regular- or large-platform implants are involved. Also, 
splinted restorations supported by several narrow im-
plants are likely to have a better mechanical behavior 
and therefore less risk of fracture (24).
The in vitro design of the present study implies a num-
ber of limitations. First of all, the IP procedures were 
not fully standardized. However, it is unlikely that 
this limitation could have affected the results, since 
the implant width radiographic analysis showed simi-
lar reductions for both subgroups. On the other hand, 
IP was performed while holding the implant with the 
hand. This fails to reproduce the real-life clinical sce-
nario, where the access can affect the outcome of the 
technique. Nevertheless, this method has been used pre-
viously, so comparisons can be made with the results of 
other authors (13,14,21). Another possible drawback is 
related to the fact that static compressive load testing 
may fail to replicate the complex daily oral function of 
patients (25). However, this methodology was selected 
in order to comply with ISO guideline 14801:2016 (third 
edition). On the other hand, the use of dynamic fatigue 
tests would increase the external validity of the results, 
and should be considered in future research. Also, the 
present report only evaluated 3 mm- and 7.5 mm-high 
peri-implant horizontal bone defects. Still, these sub-
groups may be interpreted by clinicians as respectively 
representing initial or advanced peri-implantitis cases. 
Finally, different prosthetic materials might have an im-
pact upon the mechanical dynamics of the implants, and 
additional studies are needed to assess these variables.
Within the limitations of the present in vitro study, 
advanced bone loss should be considered a risk factor 
when assessing the resistance to fracture of narrow di-
ameter implants with external hexagonal connections. 
Although IP significantly reduces the thickness of the 
implant walls, it does not seem to significantly alter 
the mechanical resistance of dental implants with the 
abovementioned features.
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