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Abstract: (1) Background: In today's dentistry, implantology has become a therapeutic resource of 18 
choice in certain clinical situations. The design of implants has evolved in several aspects since their 19 
inception. Dental implants were initially designed with an external hex connection, although due to 20 
force transmission and security in the adjustment of the prosthesis, later implants featured an 21 
internal hex connection. This study aims to analyse the mechanical properties of two types of 22 
implants (an internal connection and an external connection) from the same manufacturer and their 23 
different prosthetic components (union screw between implant and prosthetic abutment, and the 24 
abutment itself) when subjected to different types of load. (2) Materials and methods: Intraosseous 25 
dental implants of similar shape, design and size, although different in type of connection (external 26 
vs. internal), were studied. The specifications of the UNI EN ISO 14801 test standard were used, 27 
with all determinations being carried out three times. Finally, the dimensional characterisation of 28 
the samples analysed after the dynamic load study was carried out, and the values of both study 29 
groups were compared by means of the non-parametric Mann-Whitney U test to find statistically 30 
significant differences (p<0.05). (3) Results: For the static characterisation test, we found between 31 
610.9 N and 986.1 N for the external connection and between 1263.6 N and 1324 N for the internal 32 
connection (p=0.011). All the dynamic load tests were positive and there was no failure in any of the 33 
components studied. (4) Conclusions: After the analysis of the samples studied in vitro, satisfactory 34 
results were obtained, demonstrating that both connections can support considerable mechanical 35 
loads according to international standards (UNI EN ISO 14801).  36 

Keywords: Mechanical analysis; Dental implant; Internal connection; External connection. 37 
 38 

1. Introduction 39 
In today's dentistry, implantology has become a therapeutic resource of choice in certain clinical 40 

situations. With a high success rate, implant placement has become a daily practice in dental clinics. 41 
[1-3]  42 

However, implantology is not without its complications, which can affect both the biological 43 
level (bone loss, infection, soft tissue alterations) and the mechanical level (fracture of the implant or 44 
any of its components). [4-6] Once the osseointegration phase is over, complications related to 45 
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mechanics become one of these possible complications; among them, we can find, for example, 46 
fracture of the implant or of one of its prosthetic attachments, possibly resulting from the implant 47 
being subjected to an excess of loads in the oral cavity [7]. This may arise due to some type of 48 
biomechanical problem that should have been detected previously in preclinical trials.  49 

Dental implants were initially designed with external hex connection in 1985, [8] but 50 
subsequently, due to the analysis of a series of mechanical problems, among other factors, implants 51 
with internal hex connection appeared. Paradoxically, however, some authors have demonstrated 52 
that each type of connection has several advantages and disadvantages over the other. [9,10] 53 

Some of the advantages of external connection implants are that they simplify the prosthetic 54 
phase by exhibiting better passive fit and greater versatility in the case of multiple implants; however, 55 
they present a worse distribution of forces under certain types of loads. All of the above may lead to 56 
a worse biological behaviour, due to a worse distribution of forces and a higher concentration in 57 
certain areas, which would end up affecting bone metabolism. [11,12] Internal connection, on the 58 
other hand, has the opposite qualities and disadvantages, exhibiting a more homogeneous 59 
distribution of the load, but a worse passive fit in the face of multiple rehabilitation, which develops 60 
into an increase in the complexity of the prosthesis. [13,14] 61 

Although the matter of the type of connection of the implant may seem to have been largely 62 
resolved in favour of the internal connection, at least in biological terms—as it was already 63 
mentioned—, the external connection is still used due to its various advantages, and even recent 64 
studies support the use of this type of connection, as they argue that there are no clinical benefits of 65 
one connection over another. [15,16] 66 

Nevertheless, a series of common complications may appear in both external and internal 67 
connections, such as the loosening (and possibly fracture) of the union screw between the implant 68 
and the prosthetic abutment, as well as the plastic deformation of the materials (implant-abutment 69 
set) [17]. The following study aims to analyse the mechanical properties of two types of implants (an 70 
internal connection and an external connection) and their different prosthetic components (union 71 
screw between implant and prosthetic abutment, and the abutment itself) when subjected to different 72 
types of load. 73 

2. Materials and Methods  74 
In the trial, conical intraosseous dental implants by the brand Oxtein (Spain) were taken as a 75 

sample (Figure 1). The macroscopic design and size of the implants were similar. Models L6 and L35 76 
(Oxtein, Spain) were used in their 3.3 mm diameter and 14.5 mm length versions. Both implants are 77 
made of titanium (Grade V ELI-2 for L35 and cold worked, Grade IV for L6). The study groups were 78 
differentiated by the connection used. In the internal connection group, an internal hex connection 79 
with a diameter of 3.5 mm was used, while in the external connection group, a hex connection with 80 
a height of 0.7 mm and a diameter of 2.7 mm was used (Table 1).  81 

 82 
UNI EN ISO 14801 was the test standard applied. [18] This standard determines that the samples 83 

be mounted on a cylindrical support structure, with 3 mm of the implant left outside this support. 84 
On this implant, an 8 mm-high cap that will receive the forces with a 30-degree angulation is mounted 85 
(Figure 2 and 3). A series of tests (static, dynamic and dimensional characterisation) were carried out 86 
on this support structure and experimental set-up.  87 

 88 
 89 
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91 
Figure 1. Schematic representation of the implants studied (L6, Oxtein, Spain, external connection, 92 

left; L35, Oxtein, Spain, internal connection, right). 93 

Static characterisation 94 
In order to carry out this test, a uniaxial Italsigma FPF (Italsigma SRL, Italy) static and dynamic 95 

testing machine with an AeP TC4500 5kN load cell with a maximum capacity of 5 kN and class 0.5 96 
UNI EN ISO 7500-1 was used. The application of the load was produced using a system capable of 97 
eliminating the lateral links generated during the test and using the appropriate centring systems; 98 
the distance between the load surface and the load cell was 50 mm. (Figure 4). On the other hand, the 99 
test was performed by prefixing the parameters at a test speed of 0.2 mm/min and a preload of 2N. 100 
The temperature at which the different tests were analysed remained within the range of 20 ± 5°C for 101 
all the implants studied (number of assays: n=3 and n=3), leading to fracture or permanent 102 
deformation for the highest acceptable load.  103 

 104 
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Table 1. Representation of the characteristics of the different implants studied.  105 

Group Model Type Connection Material Diameter Length 

External 
 

L6 
Cylindrical 

Implant 

Hexagon-type 
connection; height: 
0.7mm, diameter: 

2.7mm 

Ti Grade IV, 
cold worked 

Ø 3.3mm 14.5 mm 

Internal L35 
Cylindrical 

Implant 

Internal hexagon 
connection; diameter: 

3.5 mm 

Ti Grade V, 
ELI-2 

Ø 3.3mm 14.5 mm 

 106 
Characterisation with dynamic load  107 
UNI EN ISO 14801 determines that the load to be applied in the dynamic stress test is calculated 108 

with respect to the result obtained from a static test carried out with the same loading scheme (Figure 109 
2 to 4).  Subsequently, once the static test had been carried out and in order to carry out the dynamic 110 
stress test, as mentioned above, the uniaxial testing machine Italsigma FPF (Manufacturer, Country) 111 
was used for static and dynamic tests, with the same configuration that had been used for the static 112 
characterisation. Therefore, the UNI EN ISO 14801 standard determines that the values of the 113 
amplitude of load to be applied to the test are obtained from static tests carried out on samples of the 114 
same type. In relation to the way in which the load is performed, these are referred to in the ISO 115 
standard as the most harmful situation from a biological point: oblique loads with an important 116 
lateral component, and assuming a loss of two millimeters in the cortical. All this to ensure that the 117 
product can work properly even in the most inadequate biological conditions.  118 

 119 

 120 

Figure 2. Loading scheme. 121 
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Figure 3. Sample before testing. 123 

 124 

 125 

Figure 4. Test configuration used during static characterization. 126 

 127 
The tests were carried out by controlling the load according to sinusoidal law, with an infinite-128 

length limit set at 5,000,000 cycles. The applied load was set to 10% of the maximum load allowed in 129 
the static load experiment.  130 

The test would be considered passed if the component did not present structural defects and/or 131 
permanent deformations on the surface of the spherical cap; at the same time, it should also be 132 
emphasised that the load button must not have been collapsed and/or worn down. The temperature 133 
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at which the different tests were analysed remained within the range of 20 ± 5°C for all the implants 134 
studied (number of assays: n=3 and n=3). 135 

  136 
Dimensional characterisation after the dynamic load study. 137 
In order to evaluate the bending moment and the compression load applied during the tests 138 

carried out on the samples under examination, it was necessary to characterise them dimensionally. 139 
Using the dimensional parameters measured on the components that passed the test and are 140 
described in the following section, it is possible to determine the applied bending moment during the 141 
tests. Bending moment is understood as a moment of force resulting from a distribution of stresses 142 
on a cross section of a bent prismatic test piece or a plate perpendicular to the longitudinal axis along 143 
which the bending occurs; and compression load as the load that produces the stress to which a body 144 
is subjected by the application of forces that act in the same direction, and tend to shorten it. 145 

 146 
Statistical analysis 147 
The values of both study groups were compared by means of the non-parametric Mann-Whitney 148 

U test to find statistically significant differences (p<0.05). 149 
  150 

3. Results 151 
Static characterisation 152 
For each implant connection (internal and external), the static characterisation test was 153 

performed on three implants. Higher resistance results were observed in the internal connection, 154 
compared to the external one (Table 2). Values were between 610.9 N and 986.1 N for the external 155 
connection and between 1263.6 N and 1324 N for the internal connection (these results were 156 
statistically significant (p=0.011)). 157 

   158 
Dynamic stress characterisation 159 
After carrying out the tests, dynamic stress characterisation was carried out by controlling the 160 

load according to sinusoidal law, with an infinite-length limit set at 5,000,000 cycles. The minimum 161 
stimulus was set to 10% of that allowed in the static load experiment (Table 2). The test was 162 
considered passed because none of the analysed components presented structural defects or 163 
deformations after the tests. In addition, the load button was also analysed, and it did not present 164 
any type of collapse and/or wear. 165 

 166 

Table 2. Representation of the maximum load results determined in the static test (F: Force). 167 
 168 

Connection Test samples Fmax (N) 

External 

N-1 986.1 
N-2 610.9 
N-3 764.8 

Total 787.26 ± 188.60 

Internal 

N-1 1277.6 

N-2 1263.2 

N-3 1324.0 

Total 1288.26 ± 31.77  

 169 
 170 



Metals 2019, 9, x FOR PEER REVIEW 7 of 11 

 

Dimensional characterisation 171 
Results obtained in the dimensional characterisation were quite relevant. Average bending 172 

moment values were 898.26 ± 6.00 Nmm for the external connection and 604.10 ± 16.50 Nmm for the 173 
internal connection. Compression stimulus values were 142.53 ± 0.15 N for the external connection 174 
and 94.93 ± 0.45 N for the internal connection (Table 3). 175 

Both the differences between the values described for both groups for the bending moment and 176 
the compression stimulus were statistically significant (p<0.001), providing better biomechanical 177 
properties to the internal connection versus the internal connection. However, other data showed no 178 
statistical significance (maximum force, length, distance and angle) between the internal and external 179 
connection. 180 

Table 3. Dynamic tests and dimensional characterisation results in both study groups (Mavg: mean 181 
bending moment in Nmm; Mdyn: half amplitude of the dynamic bending moment in Nmm; M: 182 

Moment; CS: Compression stimulus). 183 

 
External Internal 

p 
Average 

Standard 
deviation 

Average 
Standard 
deviation 

Bending moment 
(Nmm) 

M avg 898.26 6.00 604.10 16.50 <0.001 
M dyn 734.70 5.26 494.23 13.51 <0.001 
M max 1630.20 7.11 1098.33 30.02 <0.001 
M min 163.36 1.05 109.83 3.03 <0.001 

Compression 
stimulus  

(N) 

CS avg 142.53 0.15 94.93 0.45 <0.001 
CS dyn 116.70 0.10 77.66 0.35 <0.001 
CS max 259.33 0.15 172.60 0.80 <0.001 
CS min 25.90 0.00 17.26 0.05 <0.001 

F max (N) 787.26 188.60 1288.26 31.77 0.011 
Length (mm) 

(initially 11 mm  
(l in Figure 2)) 

10.84 0.09 10.87 0.15 0.768 

Distance (mm) 
(initially 5.50 mm  

(y in Figure 2)) 
5.44 0.03 5.49 0.15 0.642 

Angle (degrees) 
(initially 30 degrees,  

Figure 2) 
30.28 0.27 30.06 0.48 0.537 

 184 

4. Discussion 185 
This study aims to compare the mechanical behaviour of the internal connection to that of the 186 

external connection in the case of dental implants. In this regard, the comparison of two types of 187 
implants from the same manufacturer is a strong point, given that it is an effective measure to control 188 
biases related to the manufacturing process, which is shared by both types of sample.   189 

The mechanical strength of an implant system is closely related to the relationship between the 190 
implant and its different prosthetic attachments [19,20]. One of the most frequent problems that can 191 
be found is the loosening and fracture of the union screw between implant and abutment [21]. This 192 
type of problem is often due to several factors, including the design of the implant, the type of 193 
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interface between implant and abutment, and the load distribution to which it is subjected.  Because 194 
of the foregoing, it could be said that, in order to decrease this type of complications, the diameter of 195 
the implant that will be used should be increased as much as possible, and the design of the implant-196 
abutment junction should have greater resistance to different loads [22-24].  However, there is 197 
currently no specific design with proven effectiveness when compared to the other connections; 198 
therefore, a large number of configurations can be found in the market, which becomes a subject of 199 
great debate [25]. 200 

In the present study, an in vitro analysis of an implant system was performed (Oxtein, Spain). 201 
The selected implants have a conical implant body design, and both internal and external hex 202 
connections. The test method adopted for this in vitro study, as discussed above, was in accordance 203 
with UNI EN ISO 14801 standards, which appear to be extremely effective in predicting the 204 
mechanical reliability of the relationship between implant and prosthetic abutment. 205 

The implant models selected for the present study are representative of the most common and 206 
current types of implant macro and micro-design. We have found it interesting to contrast implants 207 
of opposite characteristics, trying to isolate or minimize the possible biases related to other 208 
characteristics, looking for two models as similar as possible, even sharing the same manufacturer. 209 
the meeting these criteria. 210 

The L6 implant and the L35 implant share the same shape (cylindrical), the same apical profile, 211 
the same thread pitch, their major differences being found in the cervical part of the implant, mainly 212 
due to the change of platform that each of these models presents. 213 

Within the external connection, the hexagon used by Branemark at the beginning of the 214 
implantology is the referent of this type of connection, therefore, this platform has been chosen to 215 
represent the external connection. In the case of the internal connection, there are several formats 216 
(morse cone, octagon, hexagon, etc.) We have chosen the hexagon to be able to compare similar 217 
geometries, which differ in whether they move towards the inside of the implant (internal) or to its 218 
exterior (external). [26] That is, we look for the most similar comparison groups, except for the 219 
internal or external connection. Of course, this choice can be debated and other comparisons can be 220 
equally interesting and worth studying. 221 

UNI EN ISO 14801 standards suggest a 100% survival rate of those implant-abutment complexes 222 
that are subjected to a sinusoidal load with a value of 10% of the maximum load allowed in the static 223 
load experiment as an indispensable requirement to be fulfilled; this was optimally fulfilled in the 224 
present study. 225 

With respect to the analysis of the results according to the type of connection, several studies 226 
have shown that the external hex connection does not stabilise the joint against lateral loads, but 227 
instead, there is an important stress concentration component that has a significant impact on the 228 
fatigue behaviour of the union screw, which results in a greater number of prosthetic complications 229 
[27,28]. On the other hand, in the case of the internal hex connection, it has been demonstrated that 230 
the transference of the loads towards the interior of the implant avoids excessive loading on the 231 
screw, which affects less the connection and the union screw, and thus avoids a lower incidence of 232 
complications [29,30]. 233 

There are articles that indicate that the prosthetic screws, in the internal connection, not in an 234 
internal hexagon format but with a morse cone, could be more sensitive to prosthetic loading at high 235 
loads than the prosthetic screws of an external hexagon. [31]  236 

In this trial, highly satisfactory results were collected for both external and internal hex 237 
connections. However, it should be noted that the internal hex connection presented better properties 238 
than the external one, with the results obtained being very statistically significant (p <0.001). 239 

There are a large number of brands, both implants and prosthetic attachments. Each of them is 240 
characterized by a material, manufacturing processes and quality systems specific to each of them, 241 
which can influence the final behavior of the product, always respecting certain limits that allow its 242 
clinical application. Our study sought to minimize these biases by comparing two products linked to 243 
the same manufacturing and quality control processes, since they are manufactured by the same 244 
brand. Obviously, this bias control increases the strength of the study to compare the central variable 245 
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(the type of connection), although it decreases the extension of the results to other situations or 246 
brands. Possibly, at the clinical level, it would be more interesting to compare several brands, but 247 
inevitably other biases would enter into competition, which would interfere in the discussion of the 248 
results obtained. 249 

In this way, it should be noted that, when evaluating the results obtained in the present study, 250 
these should be analysed and compared with other studies that supply the intensity of the 251 
masticatory forces to which these implants would be subjected in the buccal cavity. For this reason, 252 
we can observe how several studies suggest that the area that is most subject to occlusal forces is the 253 
first molar region (216-847 N). The anterior area is the one less subject to loads, reaching between a 254 
third and a quarter of the force to which the posterior area is subjected (108-299) [32,33]. 255 

In this study, values of 787 N for the external connection and 1288 N for the internal connection 256 
have been recorded in the static test. Therefore, there were adequate results to support both 257 
mandibular and maxillary requests in the anterior and posterior regions. For the dynamic test, results 258 
between 259 and 172 N were obtained; these values are similar to those obtained in other studies with 259 
other implant systems [34].  260 

5. Conclusions 261 
In conclusion, after the in vitro analysis of the Oxtein (Spain) implant system, satisfactory results 262 

were obtained, demonstrating that it can support considerable mechanical loads according to 263 
international standards (UNI EN ISO 14801). The internal connection showcased better results than 264 
the external connection, although both connections passed the test satisfactorily. For the static 265 
characterisation test, we found between 610.9 N and 986.1 N for the external connection and between 266 
1263.6 N and 1324 N for the internal connection (p=0.011). All the dynamic load tests were positive 267 
and there was no failure in any of the components studied.   268 
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