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PURPOSE. This study assessed the microgap width and adhesion of three 
bacterial species in four dental implants with different interlocks under four 
screwing torques. MATERIALS AND METHODS. Ten samples of four implant 
systems with various interlockings, including full-hexagonal (FHI), cylindrical-
conical trilobe-index (TLI), Morse-taper with octagon terminal index (OI), and 
hexagonal interlock (slip-fit) (HI-SF), were used. The abutments were screwed to 
the fixtures under torques of 10, 20, 30, and 40 Ncm. The microgap between the 
abutment and the platform was assessed using a Scanning Electron Microscope 
(SEM). The leakage of 3 bacteria, including Staphylococcus aureus, Escherichia 
coli, and Pseudomonas aeruginosa, was evaluated under 30 Ncm torque. 
RESULTS. The TLI system showed the widest gap under all torques compared to 
others. There was no significance among all systems under different screwing 
torques. Regarding the leakage, there was no adherence to E. coli  and S. aureus 
and 36.4% of Ps. aeruginosa to the HI-SF, followed by the OI system. The FHI and 
TLI systems showed the highest bacterial adherence. CONCLUSION. Even with 
low torque, the studied systems showed gap widths narrower than acceptable 
width. Implant systems with FHI and OI demonstrated misfits of less than 2 µm 
upon 10 Ncm and less than 1 µm when the torque increases, giving them priority 
to be used in areas with poor bone quality. The HI-SF demonstrated a high 
ability to resist the adherence to E. coli  and S. aureus, followed by OI. However, 
Ps. aeruginosa demonstrated a high ability to adhere to all systems. [J Adv 
Prosthodont 2024;16:336-47]
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INTRODUCTION

The causes of dental implant failures can be attribut-
ed to local and systemic factors. The local factors in-
clude infection, the loss of crestal bone level around 
the implant, the biological width, the gap at the im-
plant-abutment interface (IAI), micromovement of 
the different prosthetic components, bacterial leak-
age, and stress factors. The systemic factors include 
uncontrolled diabetes mellitus, AIDS, osteoporosis, 
smoking, and medications such as corticosteroids 
and bisphosphonates.1-7

The stability of the IAI is an essential factor that in-
fluences load distribution to the marginal bone.8 The 
microgap at the IAI could be a contributing factor in 
implant failure, as it can lead to other consequenc-
es, such as biological (such as peri-implant mucositis 
and peri-implantitis), mechanical (such as abutment 
screw loosening or fracture, abutment failure, and 
implant body fracture), and aesthetic consequences 
(such as veneering and framework fractures).5,9 Sev-
eral parameters, including the kind of IAI, the degree 
of adaptation between implant and abutment, the 
magnitude of applied torque, and masticatory forces, 
influence the stability of the implant-abutment con-
nection (IAC).6

The manufacturers introduced different connec-
tion types, including external and internal connec-
tions, to provide a gapless IAI and eliminate the risk 
of the abovementioned complications. Anti-rotation-
al geometries in the implant-abutment contact area, 
including hexagonal, octagonal, conical, butt-joint, 
tri-channel, spline, and Morse taper, were introduced 
to provide IAI with zero gaps.10-12 Despite efforts to 
reduce the IAI gap to zero, inconsistencies and gaps 
are unavoidable, impacting the long-term stability 
of prosthetic components.12 To date, no internation-
al agreement about an acceptable misfit in IAI can 
reduce the complications.13,14 With no scientific evi-
dence, a vertical misfit range from 10 to 150 μm was 
assumed.15

From a mechanical point of view, several studies 
have examined the microgap in implants with dif-
ferent materials, designs, types of connections, and 
magnitude of torques.16-18 Morse taper has proven to 
be an appropriate connection for reducing the inner 

gap at the IAI, resulting in fewer mechanical and bi-
ological complications.6,19,20 The polygonal design in 
internal hexagonal and octagonal abutments resulted 
in less micromotion than the internal conical abut-
ment.21 The transepithelial titanium-base abutments 
demonstrated lower microgap than the monolithic 
zirconia despite both microgaps being within the ac-
ceptable range.22 Clinically, Morse taper was found 
to be less prone to prosthetic failure at an early and 
medium-term follow-up.23 On the other hand, the im-
plant system with internal connections (rather than 
implants with external connections) was found to be 
subjected to axial loads due to three causes, including 
machining errors, settling, and wedging effects. Be-
sides, these systems did not show an anti-rotational 
concept, which determines the ideal location of abut-
ments.24,25 Indexes added to Morse taper abutments 
were found to decrease the frictional effect observed 
during preload.26-28 However, indexed tapered abut-
ments for single-crown restorations might represent 
greater biomechanical risk under function due to the 
decrease in the area of connections, which may result 
in gap formation.29,30

From a biological perspective, the microgap at 
the IAC can also increase bacterial adherence, lead-
ing to soft tissue inflammation, which may affect the 
peri-implant crestal bone level.31 Premachined tita-
nium abutments reduce the microgap and bacterial 
adherence compared to cast-on and castable abut-
ments.32 Implants with external hexagonal systems 
showed an inability to prevent bacterial microleak-
age in different loading conditions compared to in-
ternal hexagon implants.9,33 Morse taper connections 
with conical shape exhibit more resistance to leakage 
than eight internal connections.34,35 Similarly, “Tube-
in-tube” interface implants were more resistant to 
bacterial colonization than “flat to flat” interface de-
sign.17 Using internal index was found to have no in-
fluence on bacterial microleakage of Morse taper im-
plants under static conditions.34 

Depending on the literature, no IAI system was 
found to provide an ideal seal for bacterial adher-
ence.18,35 Although the conical interface designs 
showed microgap within the acceptable range, they 
did not demonstrate an absolute seal to bacterial ad-
herence.36-38 Varieties of bacterial species were exam-
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ined for the ability to adhere to IAC with external hex-
agonal designs. From 13 examined kinds of bacteria, 
the leakage was apparent for most bacteria.39 This 
was confirmed by a recent study that showed that the 
bacteria [especially Pseudomonas aeruginosa (Ps. 
Aeruginosa)] could contaminate all types of connec-
tions, including hexagonal.40

Nowadays, there are a lot of brands that provide the 
dental market with internal IAI. These brands have 
started to use different interlockings to prevent rota-
tion. The manufacturer’s instructions focus on only 
one recommended tightening torque, ignoring the 
bone quality variation. Studies comparing interlock-
ing in internal connection under different tightening 
torques regarding gap width and bacterial leakage, 
which may help prosthodontists choose effectively, 
are limited. The current study evaluated the microgap 
and bacterial sealing in four implant systems with 
different interlocking under four tightening torques. 
The null hypotheses were that all examined implant 
systems show no difference in the microgap under 
various tightening torques and no bacterial leakage 
at the IAI. The results of the study were compared to 
these null hypotheses.

MATERIALS AND METHODS

This study was ethically approved by the Local Com-
mittee of Bioethics, Jouf University, under reference 
number “4-10-44”. The samples were separately 
calculated using the F-test [Repeated 1-way ANO-
VA (within-between interaction)], G*power software 
(3.1.9.4, University of Düsseldorf, Düsseldorf, Germa-
ny) for the microgap and bacterial seal. Introducing 

5% for α-errors, 85% for β-error probability, 4 for the 
number of the groups, 4 for the number of measure-
ments, and .25 for the effect size,8 a total of 40 sam-
ples that were distributed equally into 4 groups were 
chosen with the actual power of .87. For bacterial 
leakage, 44 implants were divided into 4 groups to as-
sess the leakage of 3 different kinds of microbiota us-
ing the same software and the same effect size,32 us-
ing the Kruskal Wallis test for the statistical analysis, 
with actual power .85. The implant systems used in 
this study, including the connection and the recom-
mended torque, according to the manufacturer’s in-
structions, are shown in Table 1. The studied implants 
showed similar criteria, including straight abutments, 
conical connections, and a platform-switching con-
cept. The main differences were in the interlocking 
features, including internal conical connections with 
full hexagonal interlock (FHI), trilobe-index (TLI), oc-
tagon terminal-index interlock (OI), and hexagonal in-
terlock (slip-fit) (HI-SF) (Fig. 1).

The data collection was started by microgap assess-
ment. The fixtures were removed from their plastic 
packaging and fixed to a sterile stainless-steel clamp. 
The abutments were then connected to the fixtures 
with a 10 Ncm torque value using a universal torque 
wrench (V139; Julldent, Mumbai, India). The im-
plants were coated with a layer of gold using a Rotary 
Pumped Coater (Q150R S Plus; Quorum, East Sussex, 
UK), and the microgap was assessed using an SEM 
with a magnification of × 10,000 (Quattro; Thermo 
Fisher, Erlangen, Germany). The vertical distance of 
IAI was evaluated by calculating the vertical distance 
between two points, one on either side of the gap, us-
ing the Image J software (1.8.0; National Institute of 

Table 1. Interlocking systems used in the study
Type of interlocking Company Recommended manufacturer torque (Ncm)

Internal conical connection with full hexagonal 
interlocking (FHI) BioHorizons 10 - 30

The torque wrench snaps at the optimum torque
Cylindrical, conical internalconnection with 
intuitive trilobe-index (TLI) Anthogyr Axiom 25

Morse taper conical connection with octagon 
terminal-index interlocking (OI) Straumann 35

Internal conical with hexagonal interlock (slip fit) 
(HI-SF) Implant Direct 30
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Health; Fig. 2). The same investigator conducted the 
measurements to reduce operator bias. Multiple mea-
surements were done to the same implant system at 
different times to apply Cohen Kappa statistics for 
intra-rater reliability. Ten measurements were taken 
on the side facing the SEM, and the average of these 
measurements was used for each implant. After as-
sessing the microgap in 10 Ncm, the implants were 
replaced in the clamp, and the torque was increased 
to 20, 30, and 40 Ncm, and the vertical gap was mea-
sured for each torque.

The workflow of bacterial leakage assessment is 

demonstrated in Fig. 3. The experiment started by 
culturing the assigned microbiotas, including E. coli  
(ATCC 10536; Microbiologics, Saint Cloud, MN, USA), 
S. aureus  (ATCC 25923; Microbiologics, Saint Cloud, 
MN, USA), and Ps. Aeruginosa  (ATCC 10145; Microbi-
ologics, Saint Cloud, MN, USA). Using filter papers on 
a laboratory balance scale (TP-214; Denver instru-
ment, Shanghai, China), 14 gm of nutrient agar was 
added to flasks with 500 mL of distilled water. The 
flasks were shaken, covered with sterile cotton, ster-
ilized at 121°C for 15 minutes [using a vertical steriliz-
er (VA-341; Gemmy Industrial Corp., Taipei, Taiwan)], 
and then poured into Petri dishes. The examined mi-
crobiotas were plated on nutrient agar and then in-
cubated at 37°C in a laboratory incubator (MCO19AIC 
(UV); SANYO, Hampton, VA, USA) for 24 hours. Fol-
lowing incubation, each microbiota was determined 
microscopically using the Gram staining method. Be-
cause E. coli  and Ps. Aeruginosa are Gram-negative, 
they are pink, while S. aureus is purple because it is 
Gram-positive. For automated verification of the bac-
teria, the VITEK 2 compact (SKU: 27630; bioMerieux 
Inc., Cambridge, MA, USA) set was used, following the 
steps of previous studies.18,41,42 Briefly, a few swaps 
were carefully taken from the colonies on the agar 
plates and placed in a polystyrene tube. The tubes 
were then sealed, labeled, and mixed to produce a 
homogeneous solution using a Vortex-Mixer (Vortex 

Fig. 1. The implant system used in the study, including 1: Internal conical connection with 
full hexagonal interlocking (FHI), 2: Cylindrical, conical internal connection with trilobe 
index (TLI), 3: Morse taper conical connection with octagon terminal-indexed interlocking 
(OI), and 4: Internal conical with hexagonal interlock (slip fit) (HI-SF).

Fig. 2. Identification of the vertical gap using Image J soft-
ware.
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Genie Pulse, Bohemia, NY, USA). The tubes were then 
placed into a turbidimeter (DensiCHEK Plus, SKU 
21255, bioMerieux, Cambridge, MA, USA) to check 
the turbidity and modify it by increasing or decreas-
ing the concentration until it reached the desired Mc-
Farland Units. The desired turbidity values for E. coli , 
S. aureus , and Ps. Aeruginosa  were 0.52, 0.49, and 
0.56 McF, respectively (Fig. 4). The tubes were placed 
into the cassette case, and the VITEK-ID cards were 
warmed to room temperature and then placed in the 
cassette slot. After the preparation of the VITEK 2 de-
vice, the cassette with the cards and tubes was placed 
in the device and incubated at 35°C for nine hours, 
which resulted in the identification of the distinct 
microorganisms. 

For bacterial leakage assessment, the implants and 
abutments were tightened and then autoclaved to 
ensure the absence of bacterial adherence. The nutri-
ent broth was made by adding 6.5 gm of broth powder 
to 500 mL of distilled water, sterilizing it at 121°C for 
15 minutes, and distributing it into Eppendorf tubes 
(which were labeled into a test, positive control, and 
negative control groups). The implants were then 

Fig. 4. Bacterial identification using the VITEK 2 Compact 
system and adjusting the turbidity of the solution of S. 
aureus using a turbidimeter.

placed in the tubes except for the positive ones, and 
then 200 mL of nutrient broth was added to be at a 
level just above the IAC. 4 mL of E. coli  suspension 
was added to the tested tubes except for the nega-
tive control, and the tubes were then incubated for 
48 hours at 37°C. After incubation, the fixtures were 

Fig. 3. Flow chart of the bacterial identification process in the study.

The flow of identification of bacterial leakage

Bacterial culture on the agar plate

Identification of the cultured 
bacteria using the VITEK-2 device

Implant sampling (33 implants) and 
bacterial culture

Yes No

Catalase test (+) Coagulase test (+)

S. aureus

MacConkey agar test (+) Oxidase test (+)

E. coli Ps. aeruginosa

https://doi.org/10.4047/jap.2024.16.6.336



https://jap.or.kr 341

detached from the abutments. The IAC was then 
rinsed with 8 µL of normal saline, and the rinse was 
then cultured in a nutrient agar plate and incubated 
at 37°C for 24 hours. The plates were then examined 
for the presence of bacterial growth. 

Additional microbiological tests were employed, 
including MacConkey agar to differentiate E. coli  bac-
teria from the other coliform bacteria,43 the oxidase 
test to differentiate Ps. Aeruginosa  from the other 
bacilliform bacteria,43,44 and catalase, and coagulase 
tests to distinguish S. aureus from other staphylococ-
cus bacteria.45 The microorganisms were treated and 
disposed of using the Medical College, Jouf University 
lab protocol.

The statistical calculations were done using Statisti-
cal Package for Social Sciences (SPSS 20.0; IBM Corp, 
Armonk, NY, USA). The normality test was made using 
the Shapiro-Wilk test, a comparison between different 
groups was done using 1-way ANOVA, and post-hoc 
Tukey tests were done to identify the significant dif-
ferences in the gap widths among and within the dif-
ferent groups. Regarding the bacterial leakage, a com-
parison between different groups was done using the 
Crosstab Chi-Square Test with statistical significance 
set at P < .05.

RESULTS

Regarding the size of the gap at IAC among the dif-

ferent implants, Table 2 compares the gaps between 
and within the assigned implant systems under dif-
ferent torques. Significant differences were noted 
among the studied implant systems for torque magni-
tudes. The widest gap was reported in TLI in all types 
of torques (P ≤ .001). For 10 and 20 Ncm torque, the 
widest gap in the IAI was recorded in the TLI, followed 
insignificantly by the HI-SF (3.53 ± 1.01 and 16 ± 
1.62 under 10 Ncm, and 2.78 ± 1.04 and 1.18 ± 0.88 
µm for TLI and HI-SF respectively; Fig. 5). On the oth-
er hand, there were no significant differences among 
HI-SF, OI, and FHI systems (P  ≥ .21). As for 30 Ncm, 
the widest gap was demonstrated by TLI (2.32 ± 0.66 
µm; P ≤ .001). On the other hand, there were no sig-
nificant differences among the other three implant 
systems (P ≥ .92). Similar to 30 Ncm, although the OI 
system demonstrated the narrowest (.17 ± .31) and 
the TLI showed the widest gap (1.16 ± .43; P ≤ .001), 
there were no significant differences between OI and 
the two interlocking systems (P ≥ .35; Fig. 6).

Regarding measuring the gap width within the 
same systems under different tightening torques, a 
decrease in the gap width of all systems as the torque 
increased was apparent, except for the FHI system, 
which showed no significance in the gap under differ-
ent torques (P  = .09; Table 2). Regarding the TLI sys-
tem, the gap width decreased insignificantly as the 
torque increased from 10 Ncm to 20 Ncm (P  = .19). 
Although at 30 Ncm, the gap showed an insignificant 

Table 2. The width of the gap in assigned interlocking systems under different torques

Magnitude of torque 
(Ncm)

Type of the implant
P-value$FHI

Mean ± SD
TLI

Mean ± SD
OI

Mean ± SD
HI-SF

Mean ± SD
10 1.44 ± 1.63[b][w] 3.53 ± 1.01[a][w] 1.13 ± .76[b][w] 2.16 ± 1.62[ab][w] .001$

20 .89 ± .76[b][w] 2.78 ± 1.04[a][wx] .53 ± .47[b][wx] 1.18 ± .88[ab][wx] .001$

30 .62 ± .29[b][w] 2.32 ± .67[a][x] .50 ± .38[b][x] .60 ± .25[b][x] .001$

40 .42 ± .23[b][w] 1.16 ± .43[a][y] .17 ± .31[b][x] .49 ± .61[b][x] .001$

P-value* .09 .001* .002* .002*
FHI, full hexagonal interlock; TLI, trilobe-index; OI, octagonal interlock; HI-SF hexagonal interlock with slip-fit system; SD, standard deviation
[a,b,c] Represent 1-way ANOVA, Post-hoc Tukey test among the different groups in the same torque while [a] is the highest and [c] is the lowest (P < .05). 
The variable with the same letter shows non-significant differences (P ≥ .05).
[w,x,y] Represent 1-way ANOVA, Post-hoc Tukey test among the different torques in the same group while [w] is the highest and [y] is the lowest (P < .05). 
The variable with the same letter shows non-significant differences (P ≥ .05).
* Sig. difference between the different magnitudes of the torque for each type of implant.
$ Sig. difference between the different types of implants for each magnitude of torque.
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Table 3. Percentage of bacterial adherence to the assigned interlocking systems at a torque of 30 Ncm

The bacteria
Type of the implant

P-value$FHI
N (%)

TLI
N (%)

OI
N (%)

HI-SF
N (%)

E. coli
Yes 4 (36.40) 4 (36.40) 1 (9.10) 0 (0.00)

.06
No 7 (63.60) 7 (63.60) 10 (90.90) 11 (100.00)

S. aureus
Yes 7 (63.60) 11 (100.00) 7 (63.60) 0 (0.00)

.001$
No 4 (36.40) 0 (0.00) 4 (36.40) 11 (100.00)

Ps. aeruginosa
Yes 7 (63.60) 7 (63.60) 1 (9.10) 4 (36.40)

.02$
No 4 (36.40) 4 (36.40) 10 (90.90) 7 (63.60)

P-value* .33 .006* .004* .01*
FHI, full hexagonal interlock; TLI, trilobe-index; OI, octagonal interlock; HI-SF hexagonal interlock with slip-fit system; SD, standard deviation
Qualitative data were statistically represented in terms of numbers and percentage using the Crosstab Chi-Square Test, with significance when P < .05.
* Sig. difference between the different magnitudes of the torque for each type of implant.
$ Sig. difference between the different types of implants for each magnitude of torque.

Fig. 5. Gap width in Anthogyr system for torque value of 
10 Ncm.

Fig. 6. Gap width in Straumann implant system for torque 
value of 40 Ncm.

decrease in the width (P = .61), it is significantly less 
than those under 10 Ncm (P = .01). Upon reaching 40 
Ncm, the gap demonstrated the least width compared 
to the gap width under lesser torques (P = .001). As for 
the OI systems, the widest gap width was shown by 
torques of 10 Ncm (P = .002), followed insignificantly 
by 20 Ncm (P = .06). On the other hand, after increas-
ing the torque more than 20 to 40 Ncm there were no 
significant differences in the gap widths (P = .42). The 
same as for OI system, the gap width in HI-SF system 
was the widest at 10 Ncm (P = .002), while no signifi-
cant differences among other torque were apparent (P 
≥ .13).

Table 3 compares the bacteria adherence among 
and within the assigned implant systems. The HI-SF 
system showed no leakage to E. coli  and S. aureus 
compared to the other systems. In contrast, the OI 
system showed the least leakage to Ps. Aeruginosa (P 
= .02), which was significant. Among the studied im-
plant systems, the FHI and TLI systems showed the 
highest leakage to Ps. Aeruginosa and E. coli , and the 
TLI system demonstrated the highest leakage to S. 
aureus.

The FHI system showed no significance in the ad-
herence to the tested bacteria, although it showed 
more adherence to S. aureus  and Ps. Aeruginosa 
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than E. coli  (P  = .33). As for the TLI system, S. aureus 
demonstrated absolute ability to adhere to the im-
plant (100%), followed by Ps. Aeruginosa  (63.3%), 
while E. coli  showed the least adherence (P  = .006). 
For the OI system, S. aureus was the highest adherent 
bacteria (63.6%) compared to Ps. Aeruginosa  and E. 
coli , which showed a lack of ability to adhere to this 
system (P = .004). Ps. Aeruginosa showed 36.40% ad-
herence to the HI-SF system but not for the other two 
bacteria (P = .01).

DISCUSSION

It was agreed that the variations in the implant abut-
ment connections influence gap width and bacterial 
adherence.6,17 However, to the authors’ knowledge, 
the studies that have been delivered to compare the 
influences of terminal interlocking on the gap width 
and bacterial leakage were limited. Bone density var-
ies in humans, depending on gender, age, health, 
physical activities, smoking, alcohol, and the various 
locations of the jaw in the same person.46 An initial 
insertion torque of 30 Ncm or implant stability quo-
tient (ISQ) value (≥ 60) was recommended as a min-
imal value for successful loading protocols.47-49 How-
ever, in some clinical scenarios where the implant is 
inserted in low bone quality (such as posterior max-
illa), the osseointegration may not fully mature, and 
the required torque or quotient values may not be 
fully achieved, the prosthodontist may feel cautious 
when applying the manufacturers’ recommendation 
regarding the abutment screw tightening torques.50 
Increasing the abutment screw tightening torque be-
yond the bone density may result in increasing the 
stress on the implant surrounding bone. The stress 
concentrated around the IAC area can lead to mar-
ginal bone loss.23 Lower abutment tightening torque 
(than loading torque) may be helpful for subjects 
with low bone density. Because of that, the authors 
used four tightening torques to check their influence 
on the gap width, starting from the lowest torque (10 
Ncm) to the highest (40 Ncm). 

Substantial variations were observed when com-
paring the width of the microgap among the assigned 
systems under the same torques and between the 
same implants under different torques, so the first 

null hypothesis was rejected. TLI system showed the 
widest vertical gap at torque magnitudes of all tight-
ening torques, compared to the other interlocking 
system, which showed no significance at the same 
torque values. Although the TLI system revealed the 
widest gap compared to the other system, it is still 
within the permissible misfit (< 10 µm).13-15 The im-
portant finding in this investigation is that the gap 
width in all concepts was within the limits of the mis-
fit, even at 10 Ncm. That may release the worry of the 
prosthodontist regarding following the manufactur-
ers’ recommendation during abutment tightening, 
especially in areas with poor bone density, where the 
implant loaded with < 30 Ncm or ISQ < 60.50

When tightening of 10 and 20 Ncm was used, both 
FHI and OI demonstrated a gap width of less than 2 
µm and 1 µm for 10 and 20 Ncm, respectively, giving 
them advantages over the other types of interlock-
ings when 10 Ncm was considered. By increasing the 
tightening torque to 30 and 40 Ncm, FHI, OI, and HI-
SF achieved a misfit of less than 1 µm. This result puts 
these systems first when considering a tightening 
torque of 30 Ncm. 

Comparing the microgap in the same implants 
under different torque, it was apparent that the mi-
crogap decreased as the torque increased. These re-
sults were comparable to the outcomes of other stud-
ies that showed that high torque is usually associated 
with higher fit and intimate contact in the IAI.15,18 
Regarding implant systems with FHI and OI, the gap 
width demonstrated less than 1 µm at 20 Ncm or 
more. Making other factors constant, these results 
recommend using these interlocking systems with 
low bone quality (where the insertion torque was less 
than 30 Ncm or when the ISQ < 60). Similarly, the im-
plants with HI-SF systems showed a gap width of less 
than 1 µm at 30 Ncm. That makes these implants ad-
equate for use when 30 Ncm was used for implant in-
sertion. Respecting the TLI system, the gap width was 
near 1 µm when the torque was highest (40 Ncm). It 
is recommended that this system be used with ade-
quate bone quality. Despite varying torques, all inter-
locking concepts maintained a microgap of less than 
10 µm, providing mechanical and biological benefits 
as previously reported.13-15

Perio-pathogenic bacteria typically measure 0.2 to 
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2 µm in width and 1 to 10 µm in length.51-53 Howev-
er, bacteria and calculus have been found to fill the 
1 - 5 µm space between the implant and the healing 
abutment in retrieved human implants.54 The misfit 
in the IAI does not imply a misfit in the interior sur-
face of the implant-abutment connection. Significant 
differences were also found when comparing bacteri-
al leakage among studied systems. Thus, the second 
null hypothesis was also rejected. The adhesion of 
perio-pathogenic bacteria, including S. aureus, E. coli , 
and Ps. Aeruginosa was evaluated in the assigned sys-
tems at the tightening torques identified by the man-
ufacturers. These bacteria were chosen mainly due to 
their reduced size, frequent isolation in periimplanti-
tis, and easy preparation.9

The first bacterium employed was Ps. Aeruginosa, 
an opportunistic human pathogen frequently linked 
to implant failure. It is commonly detected at im-
plant sites and in periodontal diseases and can build 
biofilms that cause peri-implantitis. This pathogen 
demonstrated the ability to adhere to all tested inter-
lockings. This result was consistent with the findings 
that isolated Ps. Aeruginosa  from all internal coni-
cal screwed and cemented connections,55 and those 
who examined its adherence to external and internal 
connections.53 That can be explained by the fact that 
Ps. Aeruginosa is characterized by a smaller size (less 
than 1 µm), which allows this bacteria to adhere to 
minor gaps at the implant-abutment connection.40

The second bacterium employed was E. coli , an 
opportunistic human pathogen infrequently linked 
to implant failure.56 Although the abutments were 
linked to the implants following the manufacturer’s 
instructions, E. coli  leakage was observed in 36.40% 
of the internal connection of FHI, TLI, and, to a lesser 
degree, OI (9.10%). Previously, the same bacterium 
was found to adhere to the internal conical implants 
after 24 hours.57 Conversely, no leakage was reported 
with the HI-SF system. 

S. aureus  are present within the oral cavity, and 
their isolation from peri-implant infection as they are 
frequently responsible for diseases associated with 
metallic biomaterials. They demonstrated an ability 
to adhere and colonize on the surfaces of dental im-
plants with subsequent infections.58 S. aureus adher-
ence was observed in the FHI, TLI, and OI with varying 

degrees, unlike the HI-SF, which showed no adher-
ence. These findings are consistent with those that 
showed bacterial leakage in most of the IAI, irrespec-
tive of the type of connections.9 However, the slip fit 
of the HI-SF may provide an adequate seal to the bac-
terial leakage. That was consistent with the finding 
that the conical connections and internal hexagonal 
interlocking provide an adequate seal against S. au-
reus.59,60

The current investigation found that although the 
implant systems were designed with a high-precision 
fit, they could not entirely avoid bacterial leakage. 
However, the slip-fit of the HI-SF design provided an 
effective seal against certain germs, including S. au-
reus and E. coli . As a result, it has been proposed as a 
typical interface that can seal the IAI properly. 

One of the limitations of this study is the use of SEM 
in assessing the gap in the implant-abutment connec-
tion from the exterior surface, although the microgap 
externally does not imply that the same gap occurs on 
the inner surface. This study includes only 3 types of 
bacteria, which shows another drawback. Additional 
time-extended studies can be performed to better un-
derstand the stability of the examined implants under 
masticatory efficiency and different bacteria that may 
impact the performance of these systems.

CONCLUSION

Depending on the findings of the current study, all 
the studied interlocking connections showed an ac-
ceptable misfit in the IAI (< 5 µm). However, both FHI 
and OI demonstrated gap widths of less than 1 µm 
upon 20 Ncm, prioritizing them for use in surgical ar-
eas with low bone quality. The TLI shows low misfit 
(around 1 µm) upon 40 Ncm, making them adequate 
only for use in areas with high bone quality. From a 
bacterial adherence point of view, the HI-SF provid-
ed a higher seal against bacterial leakage than other 
assigned systems. However, no interlocking system 
could completely seal the adherence to Ps. aeruginosa.
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