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Introduction 
Evidence shows that stress concentration in 

implants supporting a cantilever is higher than 

that in implants without a cantilever. Also, it 

has been reported that stress is mainly  

concentrated in alveolar bone crest [1]. Dental 

implants are commonly used for replacement 

of the lost teeth. They are also used with  

cantilever systems [1]. Implant-supported  

cantilever prostheses include one or several 
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 Abstract  

Background and Aim: This study aimed to assess the effect of  

horizontal cantilever on microgap and microleakage at the  
implant-straight abutment interface in cement-retained crowns.    
Materials and Methods: In this experimental study, 12  
implant-abutment assemblies and 12 cement-retained crowns were 
evaluated. The implant fixtures were bone-level, and had 10 mm 
length and 4 mm diameter. Straight titanium abutments had 7 mm 
length, 4 mm diameter, and 1 mm gingival height with Morse-Taper 

connection. Two groups were evaluated: 6 cement-retained crowns 
with a horizontal cantilever (test group) and 6 cement-retained 
crows without a horizontal cantilever (case group). The assemblies 
underwent load cycling in a chewing simulator. Cyclic load (75 N) 
with 1 Hz frequency was applied along the longitudinal axis of each 
specimen to the triangular ridge between the mesiobuccal and  
mesiolingual cusps of the crown. The amount of microgap before and 

after cyclic loading, and the microleakage score after immersion in 
fuchsine were evaluated under a light microscope.  Data were  

compared by t-test (alpha=0.05). 
Results: The change in microgap after cyclic loading compared with 
before was not significant in the control group (P=0.724). However, 
in the case group, the amount of microgap significantly increased  

after cyclic loading compared with before (P=0.000). Microleakage in 
the case group was significantly greater than that in the control 
group (P=0.019). 
Conclusion: Horizontal cantilever caused horizontal microgap and 
increased the microleakage at the implant-straight abutment  
interface.  
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implant abutments at one side and a pontic 

with no support at the other side. The first rule 

in key implant positions is not to design any 

cantilever in prosthesis [2]. Cantilevers create 

a wedge arm and inappropriately increase the 

load applied to the implants, implant 

abutments, cement, and implant-bone contact. 

However, in some clinical scenarios,  

application of cantilever is the most  

conservative treatment option, as in cases with 

inadequate bone volume in the posterior  

regions, esthetic considerations, dental  

crowding and misaligned teeth, failed implants, 

or poor quality of bone [2,3].  

The mean amount of crestal bone loss 

around the neck of a functional implant is  

approximately 1 mm in the first year of  

placement and 0.1 mm annually in the next 

years [4]. Two factors causing crestal bone loss 

around dental implants include implant  

supporting tissues and traumatic forces that 

cause stress accumulation in the bone-implant 

complex exceeding the tolerable threshold [5]. 

Higher level of stress and tension has been  

reported in implants supporting a cantilever 

compared with those supporting  

non-cantilever restorations [5,6]. However, 

some other studies reported clinical success of 

implant-supported cantilever restorations, and 

showed their comparable function to  

non-cantilever restorations [3,4].  

Failure of single implants in the posterior 

region has been commonly reported since they 

are under constant masticatory forces. Screw 

loosening and subsequent development of  

microgap at the implant-abutment interface is 

still a common problem in dental implant 

treatment [5-10]. Donley and Gillette [11] were 

the first to discuss the possibility of  

penetration of microorganisms in this region. 

Microgaps at the implant-abutment interface 

can have two types of consequences: (I)  

biological problems such as peri-implantitis 

and peri-implant mucositis, crestal bone loss, 

and oral malodor, and (II) mechanical  

complications such as abutment screw  

loosening and fracture, abutment fracture, and 

implant body fracture [5,9,10,12]. Factors  

affecting microgap and microleakage at the  

implant-abutment interface include the type of 

implant system, the geometry of the  

implant-abutment connection, use of  

custom-made abutments, applied torque for 

abutment tightening, and use of screw-retained 

instead of cement-retained abutments [13,14]. 

Several techniques have been suggested to 

minimize the risk of screw loosening and  

subsequent development of microgap and  

microleakage in implant-supported  

restorations such as absence of cantilever,  

centric occlusal contacts, correct preload of 

screws, narrow occlusal table, and flattening of 

the cuspal slope [5-8,11]. A number of studies 

have evaluated the formation of microgap,  

mechanical and biological failures, and effects 

of dynamic loading on microgap formation in 

dental implant restorations [13,14]. However, 

information regarding the relationship of cyclic 

loading and formation of microgap and  

subsequent microleakage through the implant-

straight abutment interface in presence of  

horizontal cantilever crowns is limited. Thus, 

this study aimed to assess the effect of  

horizontal cantilever on microgap and  

microleakage at the implant-straight abutment 

interface in cement-retained crowns after  

cyclic loading. The null hypothesis was that 

there would be no significant difference in  

horizontal microgap and microleakage at the 

fixture-straight abutment interface after cyclic 

loading in the two groups of restorations with 

and without a cantilever. 

 

Materials and Methods  
This in vitro, experimental study was  

conducted on 12 implant-abutment assemblies 

and 12 cement-retained crowns. The present 

study was ethically approved by the Research 

Council, Dental Faculty of Islamic Azad  

University. The sample size was calculated to 

be 6 in each group according to a previous 

study [15] assuming the mean standard  

deviation of 1.8, minimum significant  

difference of 3 units, alpha=0.05, and beta=0.2 
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using Minitab software.  

The implant abutment connection type was 

internal hexagon (Biogenesis Co., Seoul, Korea) 

[16]. Twelve straight abutments with 7 mm 

height, 1 mm gingival height, and 4 mm  

diameter, and 12 titanium dental implants with 

10 mm length and 4 mm diameter were used in 

this study.  

First, a high-speed drill was used to create 

four holes at four sides of each implant  

platform for further assessments [17]. Next, 

the implants were mounted in resin blocks 

with 19 mm length and 34 mm diameter to 1 

mm distance from the implant platform [18]. 

The resin had a modulus of elasticity of 12 GPa, 

which is similar to the modulus of elasticity of 

bone (13.7 GPa) [19]. A dental surveyor (J.M. 

Ney Co., Bloom field, CT, USA) was used for 

higher accuracy in vertical mounting of  

implants in the acrylic blocks [20]. The  

abutments were tightened to 30 N/cm torque 

as recommended by the manufacturer using a 

digital torque meter (Lutron Electronic  

Enterprise Co, Taiwan) [21]. After 10 minutes, 

all abutments were retorqued to 30 N/cm to 

achieve optimal preload [14,22].  

To assess the microgap at the implant-

abutment interface, the assemblies were  

directly observed under a stereomicroscope 

(NSZ810; Novel, China) at x75 magnification 

[17]. The size of microgap was measured  

before and after cyclic loading.  

The assemblies were then coded 1 to 12, 

and two reference points were marked. The 

upper reference point was the most inferior 

point of the abutment while the lower  

reference point was the most superior point of 

the implant fixture. Prior to cyclic loading, 

three photographs were obtained from the  

fixture-abutment interface at each of the four 

points marked on the implant platform (every 

90-degree angle) under a stereomicroscope at 

x75 magnification, and the distance between 

the two reference points was measured [23].  

Two abutments were placed on two  

fixtures. On one abutment, the wax pattern of 

mandibular first molar was waxed-up. In the 

control group, the central fossa was in line with 

the internal connection of the fixture. On the 

other abutment (test group), the wax pattern of 

a mandibular first molar was waxed-up such 

that its mesial marginal ridge had 5.5 mm  

distance from the mesial border of the fixture. 

The occlusal surface of both wax patterns  

was the same with a mesiodistal width of  

11 mm, buccolingual width of 7 mm, and  

occlusogingival height of 11 mm (Figure 1) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic view of the two wax patterns  

 

[24]. Next, the two waxed-up patterns were 

scanned for the purpose of standardization of 

restorations in terms of height, thickness, 

length, and diameter, and two resin patterns 

(Figure 2) were fabricated by a computer-

aided design/computer-aided manufacturing 

system (CAD/CAM; IDC INTEGRATEDENTAL 

CAD/CAM, Austria).  

 

 

 

 

 

 

 

 

 

 

Figure 2. Resin patterns fabricated by the CAD/CAM 

technology  

 

The resin patterns were then scanned for 

the purpose of standardization, and the  

restorations were fabricated by the CAD/CAM 

technology using nickel-chromium base-metal 

alloy (Minaluxe; Iran) [18]. All fabricated  

restorations were radiographically (X-Mind 
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unit DC, Korea) assessed to ensure complete 

seating and adaptation of abutments. All  

restorations had complete adaptation. The 

abutment screws were torqued to 30 N/cm by 

an electric torque wrench [18,23]. After 10 

minutes, they were retorqued to 30 N/cm. The 

restorations were placed on the abutments. No 

cement was used to ensure easy retrieval of 

restorations with no additional stress after  

cyclic loading [24]. Each assembly was then 

placed in a fabricated stainless-steel jig  

according to ISO14801 standard and was held 

perpendicular by a holder. To simulate the 

masticatory forces in the clinical setting, the 

assemblies were placed in a chewing simulator  

(Chewing Simulator CS-4, Mechatronik,   

Germany) for cyclic loading [14]. A total of 

500,000 cycles (corresponding to 20 months of 

mastication) with 75 N load and 1 Hz  

frequency were applied to the triangular ridge 

of the mesiobuccal and mesiolingual cusps of 

the crowns perpendicular to the horizontal axis 

of each specimen [25]. After cyclic loading, the 

microgap was measured again at the respective 

points as explained earlier. The difference  

between the microgap values measured before 

and after cyclic loading was reported as the 

horizontal microgap [23] (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Horizontal microgap  

 

Fuchsine dye (Merck, Germany) was used to 

assess the microleakage. For this purpose, the 
superior contact surface of the abutments was 
sealed with one layer of red dental wax and 
one coat of nail varnish to prevent leakage of 
fuchsine through this surface into the  
abutment [26]. The fuchsine solution was  

prepared according to the manufacturer’s  
instructions, and the assemblies were  
immersed in it and incubated at 37°C for 24 
hours [15,26]. Next, the abutment screw was 
opened by a hand wrench, and the abutments 
were separated from the fixtures. To assess the 
penetration depth of fuchsine at the  
implant-abutment interface, the fixtures were 
sectioned at the center using a Mecatome 
(T201A; Presi, France) [15]. The penetration 
depth of fuchsine in each specimen was  
measured under a stereomicroscope at x75 
magnification at three points in each  
half-circle; the mean of the values measured at 
6 points was calculated and reported as the 
microleakage of the respective specimen in  
micrometers (µm) [15] (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Assessment of microleakage by measuring the 

penetration depth of fuchsine  

 
Data were analyzed using SPSS version 20 

via t-test at 0.05 level of significance. 
 
Results  

Table 1 presents the amount of microgap in 
the two groups before and after cyclic loading. 
According to t-test, the change in microgap  
after cyclic loading compared with before was 
not significant in the control group (P=0.724). 
However, in the test group, the amount of  
microgap significantly increased after cyclic 
loading compared with before (P=0.000). 

Table 2 presents the mean amount of 
microleakage in the two groups. According 
to t-test, microleakage in the test group was 
significantly greater than that in the control 
group (P=0.019). 
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Discussion 

This study assessed the effect of horizontal 

cantilever on microgap and microleakage at 

the implant-straight abutment interface in 

cement-retained crowns after cyclic loading. 

The results showed that the change in  

microgap after cyclic loading compared 

with before was not significant in the  

control group (P=0.724). However, in the 

test group, the amount of microgap  

significantly increased after cyclic loading 

compared with before (P=0.000).  

Microleakage in the test group was 

significantly greater than that in the control 

group (P=0.019). Thus, the null hypothesis 

of the study was rejected.  

Several studies have reported greater bone 

loss at the cantilever site. For instance, 

Barbier et al. [27] reported an increase in 

the number of osteoclasts and presence of 

higher number of inflammatory lesions at 

the cantilever site compared with fixed 

prosthesis supported by dental implants at 

both sides. Also, they noticed an increase in 

trabecular bone density and increased 

 

 

 

 

 

thickness of cortical bone under cantilever 

prosthesis. Liu and Wang [28] reported that  

presence of cantilever generated higher  

levels of destructive forces and resulted in 

greater bone loss. Precision of contact refers 

to the optimal connection of implant and 

abutment at the interface [27]. A microgap 

forms at this site when the abutment is  

connected to the fixture. Although no  

consensus has been reached regarding the 

ideal precision of contact at this interface, it 

has been reported that complications can be 

prevented by minimizing the misfit [29,30]. 

Many attempts have been made to minimize 

microgap such as the use of wider implants, 

changing the abutment type, and changing 

the type of implant-abutment connection 

[31,32]. Although microgap at the interface 

of internal connection abutments has been 

extensively evaluated, studies regarding the 

implant-abutment fit in cantilever crowns 

after cyclic loading are limited [33].  

Titanium implants were used in the present 

study since titanium is the most commonly 

used material for the fabrication of implant 

 

Table 1. Amount of microgap (µm) in the two groups before and after cyclic loading 

Group Mean and std. deviation Minimum Maximum P value 

Control group, before cyclic loading 1.48±0.59 2.34 0.79 
0.724 

Control group, after cyclic loading 2.44±1.04 0.88 3.81 

Test group, before cyclic loading 2.35±0.95 0.98 3.14 

0.000 
Test group, after cyclic loading 

 
4.38±0.98 2.68 5.33 

Table 2. Mean amount of microleakage (µm) in the two groups 

Group 
Mean and std. deviation Minimum Maximum P value 

Control 
(n=6) 32.35±12.5 18.32 51.55 

0.019 Test 
(n=6) 60.99±21.8 34.01 92.30 
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fixtures. The connection type was Morse-

Taper, because this connection type has 

advantages such as better implant-

abutment fit, reduction of bacterial  

microleakage and microgap, reduction of 

peri-implant bone loss, and reduction of 

screw loosening [34,35].  

Previous studies using titanium abutments 

with internal connection have reported  

microgap values at the implant-abutment 

interface between 0 and 8.16 µm [7,36]. The 

mean microgap values obtained in the  

present study were < 10 µm, which are  

clinically acceptable. Variations in the  

reported microgap values in different  

studies can be due to different connection 

types, loading conditions, and methods of 

microgap measurement.  

The first time that the abutment screw is 

tightened, the contact between the implant 

and screw threads only occurs through the 

micro-roughness of surfaces. A 2% to 10% 

reduction in preload in the first seconds and 

minutes of loading leads to formation of the 

settling effect [37]. Thus, the abutment 

screw was retorqued after 10 minutes with 

the same value as the primary torque in the 

present study [37]. Romeed et al. [35]  

reported larger microgaps in crowns with 

horizontal cantilever that received off-axial 

(angulated) loads compared with the  

control group, which was in agreement  

with the present findings. In contrast to the 

present study, Gehrke et al. [38] reported 

that cyclic loading increased the implant-

abutment fit. This difference may be due to 

the variations in the number of load cycles, 

frequency of cycles, direction of load  

application, and some other factors [38].  

One important consideration in placement 

of implant-supported restorations is to  

minimize the number of bacteria that  

colonize the trans-mucosal part of  

restorations [22]. Evidence shows that  

oral microbiota can colonize the implant-

abutment interface and cause peri-implant 

inflammation. A number of factors may  

affect this occurrence such as precise  

connection of implant components, the  

applied torque, and masticatory forces  

applied to the implant [9]. In contrast to the 

present findings, Koutouzis et al. [39] 

showed that Morse-Taper implant systems 

had insignificant bacterial microleakage at 

the implant-abutment interface. Evidence 

shows that dynamic loads at the implant-

abutment interface have a pumping effect 

and increase bacterial leakage [40]. Tripodi 

et al. [41] demonstrated that conical  

implant-abutment interface did not prevent 

microleakage at the molecular level or even 

in unloaded conditions.  

In general, it has been shown that implants 

with Morse-Taper connection have higher 

resistance to bacterial microleakage than 

implants with external hexagon connection. 

However, some levels of microleakage at the 

molecular level always exist [8]. Da  

Silva-Neto et al. [42] showed that the  

microleakage increased in all connection 

types (internal connection, external  

connection, and Morse-Taper) by  

progressively increasing the load. Regarding 

conical connections, it is stated that  

compressive forces can cause further  

penetration of abutment into the implant 

body, which may eliminate or decrease the 

vertical microgap [43]. However, the clinical 

setting is different, and tensile forces  

may be applied to the implant-abutment 

connection and increase the microgap [42].  

Fuchsine solution was used for assessment 

of microleakage in this study because its 

molecular size is similar to that of bacterial 

toxins. Also, the pattern of microleakage in 

bacterial leakage models and dye  

penetration test is reportedly the same [44].  

The length of cantilever has a key role in 

stress distribution around dental implants. 

By an increase in cantilever length, greater 
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stress is applied to the implants [45]. The 

tensile loads along the cantilever increase 

the vertical load by up to 40% [36]. To  

decrease the effect of cantilever, the  

occlusal table should be down-sized,  

occlusal contacts should be decreased, and 

occlusal interferences in lateral movements 

should be eliminated [45]. Also, whenever 

the treatment plan includes a cantilever 

crown, prefabricated abutments should be 

used for a precise fit between the abutment 

and fixture in order to minimize microgap 

and microleakage [21,44].  

This study had some limitations. Microgap 

and microleakage were only evaluated in 

one implant-abutment system. Further 

studies are required to assess the microgap 

and microleakage in use of different  

implant-abutment systems under different 

cyclic loading conditions. Also, abutments 

with different types (straight versus  

angulated) and heights should be  

investigated in future studies. 

 

Conclusion 

The present results indicated that  

horizontal cantilever caused horizontal  

microgap and increased the microleakage at 

the implant-straight abutment interface.  
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