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ABSTRACT 

Statement of problem. Information regarding the rotational freedom of internal connection 

implants is sparse.  

Purpose. The purpose of this in vitro study was to compare the rotational freedom of different 

internal conical and internal nonconical connections. 
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Material and methods. Thirty implants, 30 straight manufactured standard abutments, and 30 

standard abutment screws were obtained for each of the 5 implant systems tested. Three 

implant systems had indexed internal conical connections with different antirotational 

geometries: hexagon (Naturall+; Euroteknika), cam-groove (ID CAM M; Implants Diffusion 

International), and octagon (Bone Level; Institut Straumann AG). Two implant systems had 

internal nonconical connections with hexagonal antirotational geometry (Tapered Screw-Vent; 

Zimmer-Biomet Dental and Seven; MIS). The implants were mounted in a steel plate, and a 

metal reference arm was attached to the abutment. Before tightening the standard abutment 

screw, a modified torque wrench was used to rotate the abutment clockwise until reaching the 

clockwise rotational endpoint. This modified torque wrench was connected to the abutment's 

outer surface. It allowed free access to the standard abutment screw for a second torque wrench, 

specific to each implant system. The modified torque wrench applied a controlled torque of 5 

Ncm, which held the abutment at the clockwise rotational endpoint. The standard abutment 

screw was then tightened to the manufacturer’s specified torque value with the second torque 

wrench. Angle value corresponding to the clockwise endpoint was measured microscopically 

between a fixed reference point on the steel plate and the reference arm. The abutment was then 

unscrewed and removed. The same procedure was carried out to rotate the abutment 

counterclockwise and measure the angle value corresponding to the counterclockwise rotational 

endpoint. The rotational freedom was finally determined from the differences in the angles 

between the clockwise and counterclockwise rotational endpoints. Rotational freedom angle 

values were summarized as descriptive statistics (means, standard deviations). The normality 

test (Kolmogorov-Smirnov) was applied, and the Kruskal-Wallis test was performed. The 



ACCEPTED MANUSCRIPT

 3 

Wilcoxon signed-rank test was used to isolate the implant system differences from each other 

(α=.05). 

Results. The lowest mean rotational freedom angles were obtained for Bone Level (conical 

connection, 0.17 degrees) and Tapered Screw-Vent (nonconical connection, 0.05 degrees). 

These systems were followed in increasing order by ID CAM M (conical connection, 0.50 

degrees), Seven (nonconical connection, 1.98 degrees), and Naturall+ (conical connection, 2.49 

degrees). Compared with each other, all implant systems had significant statistical differences 

in rotational freedom angles (P<.05). 

Conclusions. Significant differences were found among the 5 implant systems. The lowest 

mean rotational freedom angles were obtained both with a conical connection (Bone Level) and 

a nonconical connection (Tapered Screw-Vent).  

 

CLINICAL IMPLICATIONS 

Positional stability of the implant-abutment connection is essential since multiple repositioning 

of the implant components is necessary during the clinical and technical steps of the fabrication 

and fitting of the superstructure. For single-tooth implant-supported prostheses, priority should 

be given to implant systems with limited rotational freedom to minimize rotational misfit and to 

reduce the risks of mechanical or technical screw-related complications.  

 

INTRODUCTION 

Despite dental implant studies that report long-term survival rates well above 90%, biological 

and mechanical complications can affect up to 33% of all implant-supported prostheses.1-3 

These complications have a multifactorial etiology, and the clinical incidence varies among 
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different implant systems.4 Positional stability of the implant-abutment connection is essential 

since multiple repositionings of the implant components are necessary during the fabrication 

and fitting of the superstructure by the dental laboratory technician and the dentist.5 A poor fit 

at the implant-abutment connection has been reported to result in microgaps, causing higher 

micromovements of the structural parts on mastication or occlusal prematurity from incomplete 

seating.6 Vertical and horizontal misfits can lead to the concentration of the loading stresses in 

both the implant and the bone. How the degree of misfit affects the clinical outcomes of screw- 

retained implant-supported fixed dentures is unclear, but the aim for clinicians is to minimize 

misfit as much as possible.7 

Before tightening the abutment screw, an abutment can be partially rotated back and 

forth in horizontal micromovements within the dimensions of the interfacial void between the 

antirotational elements.8 This phenomenon corresponds to rotational freedom, leading to 

horizontal misfit, and has mainly been studied for external connections.9-19 A linear correlation 

has been reported between the rotational freedom and screw loosening with such connections. 

Long-term clinical data and in vitro mechanical evaluations have demonstrated that, although 

external hexagon implant-abutment connections are more susceptible to abutment screw 

loosening and fracture than implants with internal connections, the same problems can occur 

with any screw-retained abutment and prosthesis.8,20-26  

Rotational displacement of the abutment influences the fit of the prosthetic 

superstructure compared with the neighboring teeth, antagonist dentition, and periodontium and 

may adversely affect prosthesis insertion if the abutments are angled.27 Errors in the rotational 

positioning of components can result in the need to adjust proximal contacts chairside. It is, 

therefore, essential to ensure the position stability of the implant-abutment connection. More 
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particularly, for single-tooth implant-supported prostheses, the rotational freedom must be as 

low as possible.  

Indexed internal connections are available with both slip-fit and friction-fit joint 

designs.28,29 For slip-fit interfaces (nonconical connections), the lateral surfaces of the 

antirotational elements must be allowed to slip past one another. For friction-fit connections 

(conical connections), there is no interfacial space between the implant and abutment parts. 

Internal connections help reduce the incidence of screw loosening, improve load distribution, 

enhance sealing capabilities at the implant-abutment interface, and improve the implant’s 

ability to withstand large axial loads in comparison with implants with external hexagon 

connections.30-32 Finite element analysis results have revealed a proper gradual stress 

distribution for internal connections, resulting in adjacent bone being less affected by high 

loads when compared with external connections.6 Internal connections also increase contact 

pressure and frictional resistance, theoretically enhancing the mechanical stability of the 

implant-abutment connection.33-36  

However, studies evaluating the rotational freedom of implants with internal 

connections are sparse, and there are even fewer evaluations of implants with internal conical 

connections.14,17 The effect of the design on abutment rotational freedom has not been 

adequately reported in the dental literature.37-40 Moreover, experimental rotational freedom 

deviates greatly from the theoretical value because of manufacturing tolerance.5,41 For these 

reasons, experimental studies on rotational freedom by following the clinical procedures 

recommended by each implant system are necessary to compare implant designs and systems.  

The present investigation aimed to measure and compare the rotational freedom of 5 

implant systems with different designs of indexed internal connections. The research hypothesis 
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was that each implant system's specific internal connection would differ in terms of rotational 

freedom angle value. 

 

MATERIAL AND METHODS 

A total of 150 dental implants with indexed internal connections and 150 straight manufactured 

standard abutments for cemented restorations were obtained from 5 manufacturers (30 standard 

abutments, 30 standard abutment screws, and 30 implants for each implant system). The 3 

implant systems consisted of indexed internal conical connections with different antirotational 

geometries: hexagon (Naturall+; Euroteknika), cam-groove (ID CAM M; Implants Diffusion 

International), and octagon (Bone Level; Institut Straumann AG). Two implant systems 

consisted of internal nonconical connections with the same hexagonal antirotational geometry 

(Tapered Screw-Vent; Zimmer-Biomet Dental and Seven; MIS). The dimensions and 

characteristics of each implant system are summarized in Table 1.   

For each implant system, thirty Ø5-mm holes were drilled 20 mm apart in a 

150×180×25-mm steel plate. At a distance of 10 mm to the right of each hole, an additional Ø3-

mm hole was drilled in the steel plate to serve as a fixed point of reference (R) (Figs. 1, 2).  

Each implant was positioned in the center of the Ø5-mm hole with the coronal aspect of 

the implant flush with the upper surface of the steel plate. Epoxy resin (SR 1700; Sicomin) was 

injected into the hole to cement the implant in place.  

After the epoxy resin had polymerized, a metal reference arm was fixed on the 

abutment, and the abutment was placed on the implant. The standard abutment screw was 

tightened to 1 Ncm, as described by Garine et al,15 with a torque wrench (TWR; Zimmer-

Biomet Dental) with the specific implant system drivers (Table 1). This standardized initial 
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tightening of the screw was adequate to hold the components together while offering minimal 

resistance to abutment rotation. 

 A torque wrench (TWR; Zimmer-Biomet Dental) was modified to be connected to the 

abutment's outer surface with a ratchet wheel (reference number 1000222; Josef Ganter), 

adapted to the specific shape of each abutment. This modified torque wrench allowed free 

access to the standard abutment screw for the specific implant system torque wrench (Fig. 1). 

The modified torque wrench was used to rotate the abutment clockwise until it reached the 

clockwise rotational endpoint. A torque of 5 Ncm was applied, which held the abutment at the 

clockwise rotational endpoint (E1) in a controlled way (Fig. 2). This corresponded to the 

maximum measured torque found when an abutment was manually set on an implant 

previously fixed on a digital torque tester (unpublished results). While holding the abutment in 

place with this controlled torque value of 5 Ncm, the standard abutment’s screw was tightened 

to the torque indicated by each implant manufacturer with the specific implant system torque 

wrench (Table 1). All torque applications were performed with torque wrenches calibrated on a 

digital torque tester (Series TT01; Mark-10 Corp). 

Rotational freedom angle values were measured by using a contactless measurement 

microscope (Inexiv VMA-2520; Nikon Metrology Inc) with a computer-controlled, image-

analysis software program (Inexiv Auto Measure; Nikon Metrology Inc). This equipment 

allowed precise, three-dimensional (3D) measurements of 1 µm for distances and 0.001 degrees 

for angles. All measurements were made by the same operator (Y.B.) in a closed microscope 

room maintained at a constant temperature and humidity. The first measurement was conducted 

to determine the angle between the fixed point of reference (R) on the steel plate, the axis of the 

abutment (A), and the clockwise rotational endpoint (E1) (∠ RAE1) (Fig. 2).  
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For the second measurement, the standard abutment screw was unthreaded, and the 

abutment was removed from the implant. The reference arm remained attached to the abutment. 

The abutment with the reference arm was then placed back on the implant at the same initial 

position in the implant-abutment connection. The standard abutment screw was tightened to 1 

Ncm. The same procedure as previously described was carried out to rotate the abutment 

counterclockwise and measure the angle value corresponding to the counterclockwise rotational 

endpoint (E2). 

The angle was measured between the fixed point of reference (R), the axis of the 

abutment (A), and the counterclockwise rotational endpoint (E2) (∠ RAE2). The rotational 

freedom (arc of motion) value (∠ E1AE2) was calculated by subtracting the 2 measurement 

values: RAE1 – RAE2 = E1AE2. Rotational freedom angle values (∠ E1AE2) were obtained for 

all 30 paired implant-abutment assemblies in each implant system (Fig. 2).  

A power analysis was carried out to determine the sample size after a pilot study, 

indicating that a specimen size of n=30 was adequate for a power of 80% at a significance 

threshold of α=.05 (epiR package, v0.9-96; The University of Melbourne). For each implant 

system, rotational freedom angles were summarized as descriptive statistics (means, standard 

deviations). All statistical analyses were performed with a statistical software program (IBM 

SPSS Statistics, v26; IBM Corp). The Kolmogorov-Smirnov normality test was applied to all 

implant systems, and the Kruskal-Wallis test was performed. The Wilcoxon signed-rank test 

was used to isolate the implant system differences from each other (α=.05). 

 

RESULTS 
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Mean rotational freedom angle values ranged from 0.05 degrees (Tapered Screw-Vent) to 2.49 

degrees (Naturall+). The mean rotational angle values were 0.17 degrees for Bone Level, 0.50 

degrees for ID CAM M, and 1.98 degrees for the Seven implant system (Fig. 3). The 

Kolmogorov-Smirnov normality test indicated that the data distribution was not normal 

(P<.001) and that there were significant differences in mean rank rotational freedom angle 

values by implant systems (P<.001), which made it possible to classify them (Table 2). Hence, 

the least rotational freedom angle values were obtained by using the Tapered Screw-Vent 

implant system followed in increasing order by Bone Level, ID CAM M, Seven, and Naturall+. 

The Wilcoxon signed-rank test showed that rotational freedom angle values for all implant 

systems were significantly different from each other (P<.05).  

 

DISCUSSION 

Considering the rotational freedom angle values between the abutments and the implants, all of 

the implant systems tested were significantly different from each other; therefore, the study 

hypothesis was not rejected. Very low rotational freedoms were obtained both with Bone Level 

(conical connection) and Tapered Screw Vent (nonconical connection). Unexpectedly, the 

contemporary conical connections (Naturall+, ID CAM M, Bone Level) were not as effective 

as a nonconical connection (Tapered Screw-Vent) in reducing rotational freedom. These results 

were consistent with those of another study where the magnitude of rotational freedom between 

impression coping and implant replica pairs was significantly higher for conical connections 

than for butt joint connections.4  

 All the internal connections tested in this study, regardless of the design, were more 

effective than the old external hexagon connection in reducing rotational freedom values. 
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Indeed, among external hexagon connections, rotational values ranged from 1.01 to 14.87 

degrees, with an average of around 4 degrees.9,11-18 In vitro testing has shown that abutment 

rotation of less than 2 degrees resists a mean of 6.7 million loading cycles before loosening9 and 

also high resistance to screw loosening. Only the Naturall+ implant system exceeded this value 

while remaining well below the 5 degrees described by Binon9 as significantly more prone to 

screw loosening. Rotational freedom was below or equal to 0.5 degrees for the ID CAM M, 

Bone Level, and Tapered Screw-Vent systems, which should ensure mechanical performance. 

For the Seven implant system, the mean rotational freedom was slightly below 2 degrees, but 

the standard deviation was relatively high (0.83 degrees), indicating greater variability of the 

position stability. When using an implant system with greater rotational freedom, an individual 

abutment alignment coping should be used to place the definitive abutment in order to prevent 

any risk of rotation during clinical procedures.42 

Differences have been reported between the implant-abutment coupling of internal 

connecting systems.24 Since this study selected implants with similar diameters (4.0 to 4.5 mm), 

this variable had little effect on the results. Such differences are presumably from various 

designs and geometries of the connections, as well as from the machining tolerances applied by 

each manufacturer. When a screw-retained abutment is assembled on a dental implant, an 

interfacial void between their mated antirotational geometries helps ensure that the components 

can easily fit together to prevent abutment rotation.8 The space allowed for this is specified in 

the manufacturing of machined components and is known as machining tolerance.41 Hence, the 

range of acceptable sizes (tolerances) used by a manufacturer can result in a variety of 

interfacial voids between the mated components.8 This is probably why the rotational freedom 

was different between the Tapered Screw-Vent and Seven implant systems, although they were 
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almost identical in terms of dimension, chemical composition, tightening torque, and 

connection design. 

For all connections, the geometric design, distance of the antirotational element relative 

to the axis of the implant, and the presence, angulation and extent of tapered surfaces can also 

influence the rotational freedom of the abutment. For example, the polygonal profile of some 

internal antirotational features has been reported to provide an increase in rotational freedom 

compared with that of a cam-groove connection.43 In the present investigation, although the 

cam-groove connection of ID CAM M showed relatively low rotational freedom (0.5 degrees), 

this system had higher rotational freedom than the octagon connection of Bone Level and the 

hexagon connection of Tapered Screw-Vent. This increase was probably because the cams of 

the ID CAM M abutments engage the grooves of the implant near its center or rotational axis. 

On the contrary, the Tapered Screw-Vent implant system showed the lowest rotational freedom, 

probably because the internal hexagon connection initially engages the implant near its 

circumference, distant from its rotational axis.5,43 Secondarily, in this system, the abutment 

hexagon presents a specific conicity of 1 degree. This design forms a frictional contact with the 

parallel internal walls of the implant’s internal hexagon, which probably reduces the clearance 

and limits the influence of machining tolerance. 

In an earlier study of Bone Level components, Semper-Hogg et al5 reported a mean 

rotational freedom value of 1.09 degrees, which was much higher than the 0.17-degree mean 

rotational freedom value obtained in the present study. Differences in testing methods can 

explain this disparity: Semper-Hogg et al5 conducted 20 successive tests, while the present 

investigation only performed a single test on each implant-abutment sample. By performing 

multiple tests on each component assembly, the rotational freedom test could induce wear of 
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the abutment-implant connection.22  

The importance of using system-specific tightening torque has been reported to help 

prevent loosening from embedment relaxation of the screw threads after initial tightening.25 

Regardless of the design of the connections, numerous studies have reported that the rotational 

freedom depended on whether the implant-abutment complexes were tightened with a torque 

wrench or manually.5,9,14,17,19,43 Repeated tightening of abutment screws has also been reported 

to reduce preload, which is associated with screw loosening and abutment rotation.44 Hence, the 

present study used the torque levels recommended by each manufacturer to evaluate and 

compare the 5 implant systems. 

For indexed conical connections, the geometry of the connections tends to reduce 

rotational misfit when the screw is tightened to the system-specific tightening torque. This 

reduction is because the taper of the connection centers the abutment in the implant, while the 

full engagement of the antirotational elements brings the abutment to a middle rotational 

position and the friction of the screw head on the abutment encourages it to rotate clockwise, 

reducing the extent of counter-clockwise movement.17,26 This phenomenon is probably why 

most studies using 3-dimensional finite element analysis reported very low rotational abutment 

movements or microgap enlargement under vertical and oblique occlusal loading with conical 

connection systems.33-36  

In the present study, a 1-Ncm torque was applied for the initial pretightening of the 

standard abutment screw according to Garine et al.15 Moreover, before and during the 

tightening of the standard abutment screw with the specific implant system torque wrench, a 5-

Ncm torque was applied to the abutment's outer surface with a modified torque wrench. This 

corresponded to the maximum measured torque when an abutment was manually set on an 
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implant. Hence, this protocol allowed the torque for the abutment rotation to be standardized 

while closely approximating the clinical conditions of the oral placement of an abutment on an 

implant. However, the comparison of rotational freedom with previous studies is limited 

because of the variety of protocols and assessment methods. Moreover, other materials used in 

clinical conditions like analogs and impression transfer copings must be tested. Vertical misfit 

could also be assessed. Hence, in addition to implants and abutments, analogs and impression 

transfer copings need to be tested simultaneously in future studies, as internal connection 

designs and implant systems continue to evolve.  

 

CONCLUSIONS  

Based on the findings of this in vitro study, the following conclusions were drawn: 

1. All the indexed internal connections tested in this study showed rotational freedom 

angle values below 2.5 degrees.  

2. Very low rotational freedoms (below 0.2 degrees) were obtained both with a conical 

connection (Bone Level; Institut Straumann AG) and an internal hexagon connection 

(Tapered Screw-Vent; Zimmer-Biomet Dental). However, significant disparities in the 

rotational freedom were found between the 5 implant systems tested.  

3. Rotational freedom angle values were significantly different between implant systems 

with similar connection designs (Tapered Screw-Vent; Zimmer-Biomet Dental and 

Seven; MIS). Hence, similar connection designs do not systematically lead to similar 

rotational freedom.  
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TABLES 

Table 1. Specifications of implant components used for each implant system and system-

specific tightening torque values. Naturall+, ID CAM M and Bone Level implant systems had 

indexed internal conical connections. Tapered Screw-Vent and Seven implant systems had 

internal hexagon connections. Deg, degrees; GH, gingival height; Ti Cp: Titanium 

commercially pure.  

System 

Implant 
Straight manufactured  

standard abutment Internal connection 
Torque 
wrench 

Name and 
Dimensions  

Ø×length 
(mm) 

Reference 
number 

Chemical 
composition 

Dimensions 
Ø×GH 
(mm) 

Reference 
number 

Chemical 
composition 

Cone 
angle 
(Deg) 

Geometric 
design 

System-
specific 

tightening 
torque 
(Ncm) 

Reference 
number 

ETK 
Euroteknika 

Naturall+ 
4.0×14 

NICP 40 
140 

Ti-6Al-4V 
Grade 5 

4.5×11.5 NPS PD 
36 46 

Ti-6Al-4V 
Grade 5 

11 Hexagon 25 CCC35 

IDI 
Implants 
Diffusion 

International 

ID CAM M 
4.2×15 

IDCM 
1542 

Ti-6Al-4V 
Grade 5 5.4×9 420001 

Ti-6Al-4V 
Grade 5 2.5 

Cam-
groove 25 415 

Institut 
Straumann 

AG 

Bone Level 
4.1×14 

021.4414 
Ti Cp 

Grade 4 
5×6.5 022.4325 

Ti Cp 
Grade 4 

8 Octagon 35 
046.119 
046.049 

Zimmer-
Biomet 
Dental 

Tapered 
Screw-Vent 

4.5×13 
TSVWB13 

Ti-6Al-4V 
Grade 5 5.5×10.5 HLA4/5 

Ti-6Al-4V 
Grade 5 - Hexagon 30 TWR 

MIS 
Seven 
4.2×13 

MF7-
13420 

Ti-6Al-4V 
Grade 5 5.6×11 MD-P0030 

Ti-6Al-4V 
Grade 5 - Hexagon 30 MT-RI040 
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Table 2. Mean and Standard Deviation (SD) angle values (degrees) of rotational freedom of 

straight manufactured standard abutments for each implant system. 

Implant system Naturall+ ID CAM M Bone Level 
Tapered 

Screw-Vent Seven 

Internal 
connection 

design 

Conical, 
Hexagon 

Conical, 
Cam-groove 

Conical, 
Octagon 

Nonconical, 
hexagon 

Nonconical, 
hexagon 

Mean 
(degrees) 2.49 0.50 0.17 0.05 1.98 

SD 
 (degrees) 

0.31 0.31 0.12 0.03 0.83 

Mean rank 
(Kruskal-

Wallis test) 
125.15 70.10 46.98 21.75 113.52 
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FIGURES 

Figure 1. Experimental design: (1) implant; (2) straight manufactured standard abutment; (3) 

epoxy resin; (4) steel plate; (5) metal reference arm fixed on standard abutment. (a) rotational 

endpoint marker in metal reference arm and (b) fixed reference hole on steel plate; (6) modified 

torque wrench connected to abutment's outer surface with ratchet wheel adapted to each 

abutment's specific shape; (7) implant system screwdriver; (8) implant system torque wrench.  

 Modified torque wrench (6) used to rotate standard abutment (2) clockwise until it 

reaches clockwise rotational endpoint. It allowed free access to standard abutment screw for 

second torque wrench (8), specific for each implant system. Modified torque wrench (6) applied 

controlled torque of 5 Ncm, which held abutment at clockwise rotational endpoint. Standard 

abutment screw then tightened to manufacturer’s specified torque value with second torque 

wrench (8). Same procedure carried out to rotate abutment counterclockwise until it reached 

counterclockwise rotational endpoint. 
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Figure 2. A, For each implant system, 30 straight manufactured standard abutments with 

attached metal reference arms positioned on implants previously fixed in steel plate to measure 

rotational freedom angle values by using contactless measurement microscope (Inexiv VMA-

2520; Nikon Metrology Inc). B, Set screw (top right) used to attach metal reference arm to 

abutment. Reference hole (R), axis of abutment (A), clockwise rotational endpoint (E1) and 

counterclockwise rotational endpoint (E2) used to measure rotational freedom angle value by 

subtracting arc of motion of angle RAE1 from angle RAE2 (RAE1 - RAE2=E1AE2=rotational 

freedom angle value). 

 
 

A 

B 
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Figure 3. Mean rotational freedom angle values (degrees) of straight manufactured standard 

abutments for each implant system.  

 
 

 
  




