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ABSTRACT  

The use of custom CAD/CAM abutments in implant restorations has become a reality, but there are questions 

about the existence of micro-gaps at the implant-abutment junction larger than those of the original standard stock 

abutments. The purpose of this study was to compare dimensions of the micro-gaps between four types of implant 

abutments (original dental implant stock abutments, compatible dental implant stock abutments, and two types of 

customized CAD/CAM dental implant abutments) all with the same connection of Bredent Sky system mounted 

on a standard implant. Material and Method: Micro-gap measurements were made on four groups of Titanium 

abutments: 1) original dental implant stock abutments – industrial machined, 2) compatible dental implant stock 

abutments – industrial machined and 3) and 4) compatible customized CAD/CAM dental implant abutments – 

non-industrial milled with two different parameters in hyperDENT CAM software and Paragon Tools. The Nikon 

SMZ745T stereomicroscope was used to measure the micro-gaps of each dental implant abutment and results 

were statistically analyzed. Results: The micro-gaps measured on implant-abutments junction did not show 

significant differences between original abutment, and the three types of compatible abutments. Conclusions: No 

significant differences of the micro-gap at the implant-abutment junction were observed between the original 

implant abutments and compatible abutments, and customized abutments. Micro-gap dimensions were within the 

clinically accepted limit and the use of custom CAD/CAM dental implant abutments is reliable. 
 

Key words: dental implant custom abutments, CAD/CAM, dental technology, micro-gap, implant-abutment 

interface, vertical fit 

 

INTRODUCTION 

The long-term success of a dental implant 

is also given by a determining factor in the 

field of an implant system, namely the stability 

of the implant-abutment connection [1]. A 

dental implant system consists of an implant 

that is surgically implanted into the upper 

jawbone or lower jawbone and an abutment 

that pairs with the implant once the implant 

successfully integrated into the bone [2]. The 

most used dental implant systems are those 

that use a screw to fix the prosthetic abutment 

to the implant, and when screwing it, the 

torque is very important to avoid 
micromovements of the prosthetic abutment, 

because technical problems can occur, from 

loosening the screw to its fracture due to 

excessive micromovements [3]. 

The efficiency of adapting the abutment to 

the implant depends on several factors, such as 
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component design, geometry of the implant-

abutment connection, mechanical adjustment 

between the fastener and its surface fixed on 

the abutments, mechanical and physical 

properties of components and torque 

application [4]. 

Although on the market there is the external 

connection and the internal connection 

between the prosthetic abutment and the 

implant, the internal connection is the most 

used and recommended connection because it 

could distribute intraoral forces deeper inside 

the implant, protect the screws from excessive 

load and provide a strong and stable interface 

[5]. 

A dental rehabilitation that is fixed on 

multiple implants has a better load distribution 

with a lower concentration of tension at the 

prosthetic abutment-implant interface than the 

prosthesis with only one tooth per implant. 

Bending moments become more significant in 

single-tooth dentures, since the load 

distribution effect is absent [6]. 

Several research projects have been carried 

out with the intention of providing solutions 

for achieving a precise and stable connection 

between the components of implant systems, 

with the objective of verifying micro-gaps, 

micro-movements and micro-leaks between 

the dental implant and the prosthetic abutment 

[7,8,9]. According to Scarano A. et al. [7], the 

micro-gaps between the dental implant 

abutment and the implant is defined as the 

microscopic space between the dental implant 

and the corresponding prosthetic abutment. 

Alves D.C. et al. [8] argue that due to 

production limitations, the prosthetic abutment 

cannot adapt perfectly to the dental implant. 

The existence of the micro-gaps is no longer in 

doubt, however, there are differences between 

the materials used to manufacture the dental 

implant abutment. Hernigou P. et al. [9] 

observed that the micro-gaps between the 

titanium dental implant abutment and the 

dental implant is smaller than the micro-gaps 

between the zirconium dental implant 

abutment and the dental implant. 

Although the manufacturing precision of 

the dental implant abutment and the dental 

implant is currently very high, however, the 

micro-movement between the prosthetic 

abutment and the dental implant generated by 

mastication cannot be avoided [10], and 

micro-movement leads to micro-abrasion and 

micro-displacement between the dental 

implant abutment and the dental implant [11]. 

The size of the micro-movement generally 

varies between 1.52 μm and 94.00 μm [3]. 

Nascimento C. et al. [12] showed in their study 

that most of the oral bacteria were 0.2-1.5 μm 

wide and 2-10 μm long, while the micro-gap 

between the two components ranges from 0.1 

μm to 10 μm. Ericson I. et al. [13] referred to 

micro-leakage as the passage of bacteria, toxic 

bacterial byproducts, and small molecules 

through the micro-gap between the abutment 

and dental implant and vice versa. Micro-

leakage could cause a persistent inflammatory 

process, which can lead to loss of alveolar 

bone [14]. 

The purpose of this study is to evaluate the 

differences resulting from the mechanical 

manufacturing process and compare the 

micro-gaps between the original and non-

original dental implant abutments and the 

dental implant. The original dental implant 

abutments are manufactured by the same 

manufacturer that produce the dental implant, 

and the compatible or non-original dental 

implant abutments, more and more present in 

the market, are produced by different large 

milling centres as certified compatible. In 

recent years, thanks to the advancement of 

CAD/CAM technology, these compatible 

dental implant abutments are also milled in 

dental laboratories that have non-industrial 

equipment. The complete milling of a 

compatible custom CAD/CAM dental implant 

abutment, including the geometric connection 

through which the dental implant abutment is 

fixed to the dental implant, requires a milling 

machine equipped to mill in Titanium, a high-

performance CAM software, as well as 

specific milling tools. 

The null hypothesis of this study was that 

there would be no significant micro-gaps 
difference at the implant-abutment junction 

between industrially and non-industrial 

produced dental implant abutments. 

 

MATHERIALS AND METHODS 

This study evaluates the way in which the 
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dental implant connection of a prosthetic 

abutment is fixed to the dental implant by 

trying to observe the micro-gaps between the 

two components: implant-abutment. The type 

of system used was Bredent Sky from Bredent 

Group (Senden, Germany). 

We used a Bredent Blue Sky implant with 

a regular platform of 5.5 mm and 20 dental 

implant abutments with a Bredent Sky 

connection with a diameter of 4 mm. 

The dental implant abutments were divided 

into 4 study lots. The first lot included the 

original Bredent Sky dental implant stock 

abutments from the Bredent Group (Senden, 

Germany), the Exso type. Two examples 

(named OBS1 to OBS2) are presented in 

Figure 1a. 

 

 
 
Figure 1. a) Original Bredent Sky dental 

implant abutments. b) Compatible Bredent 

Sky dental implant abutments. c) 

Compatible Bredent Sky dental implant 

CAD/CAM abutments (unchanged and 

modified parameters). 

 

The second lot included five Bredent Sky 

compatible dental implant stock abutments 

from the Nova Mind company (Athens, 

Greece), and examples named NM1 and NM2 

are presented in Figure 1b). 

The third and fourth lots consisted of ten 

compatible custom CAD/CAM dental implant 

abutments milled in the dental laboratory of 

UGLY DENTURES SRL, Craiova, Romania, 

having available the Bredent Sky compatible 

CAD/CAM library with the 4 mm platform 

from Yenadent (Istanbul, Turkey). For lot 3, 

we milled five compatible custom CAD/CAM 

dental implant abutments with unchanged 

parameters in the CAM hyperDENT software, 

and the connection was in low resolution. For 

lot 4, we milled five compatible custom 

CAD/CAM dental implant abutments with 

modified parameters in the CAM hyperDENT 

software, and the connection was in high 

resolution. Two examples from Lot 3 named 

CYD1 and CYD2, and two examples from Lot 

4 named CYD3 and CYD4, are presented in 

Figure 1c.   

For milling Bredent Sky compatible custom 

CAD/CAM dental implant abutments, we used 

the following equipment, specialized software, 

and materials: 

Equipment: 

- 5-axis milling machine with power 

2.7kW Yenadent D43 (Yena, Istanbul, 

Turkey) (Figure 2) 

 

 
 
Figure 2. 5-axis milling machine Yenadent 

D43 

 

Software (Figure 3): 

- hyperDENT Classic v9.4.3 CAM 

software (FOLLOW-ME! Technology 

Group, Munchen, Germania) (Figure 

3a); 

- Exocad DentalCAD v3.2 Elefsina 

software (Exocad GmgH, Darmstadt, 

Germania) (Figure 3b); 

- Yenadent CAD/CAM Implant Library 

(Yena, Istanbul, Turcia). 
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Figure 3. a. hyperDENT Classic v9.4.3 b. Exocad DentalCAD v3.2 Elefsina 

 

Materials: 

- Yenadent compatible metal milling 

tools from Paragon Tools (Paragon 

Tools, Barcelona, Spania) (Figure 4); 

- Nicrallium type 5 grade 23 (TA6V 

ELI) titanium disc 98,5x14mm (BCS 

Dental Alloys, Chassieu, France).   

 

 
 

Figure 4. Paragon Tools – Yenadent 

compatible tools 

 

Compatible custom CAD/CAM dental 

implant abutment design 

The design of the Bredent Sky compatible 

custom CAD/CAM dental implant abutment 

was made with Exocad DentalCAD 3.2 

Elefsina software having a study model with 

original Bredent Sky analogue and a Yenadent 

scanning Abutment compatible with original 

Bredent Sky (Figure 5). 

hyperDENT CAM software and Paragon 

Tools 

The CAM hyperDENT software is one of 

the best profile software because it managed to 

effectively integrate the milling cycles from 

the industrial segment in the dental field [15]. 

Regardless of the type of milling machines on 

the market, hyperDENT manages to 

successfully optimize the parameters of 

milling strategies regardless of the material 

used by each dental laboratory, but especially 

metal alloys, offering the possibility of milling 

dental implant connections in disc (Figure 6). 

 

 
 

Figure 5. Design of Bredent Sky 

compatible custom CAD/CAM dental 

implant abutment 

 

            
 
Figure 6. Defining categories for milling 

dental implant connection 

 

To be able to mill the most common 

connections of implant systems on the market, 
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we have chosen the compatible Yenadent D43 

milling machine tools from Paragon Tools. 

According to the manufacturer, these tools are 

the result of a collaboration between 

experienced turning tools design engineers, 

CAD/CAM milling specialists and tools 

plating experts, managing to have particularly 

good machining of complex titanium alloys 

with high wear resistance and oxidation [16]. 

For this study, the following types of tools are 

used for milling the Bredent Sky connection: 4 

Spherical tools with a diameter of 3 mm, 2 

mm, 1.5 mm and 1 mm for the general 

roughing stages, for finishing from the two 

occlusal and cavity directions, as well as 

finishing the emergence profile, 2 Toric tools 

and 2 Flat tools for milling the screw channel 

and the implant interface. 

 

Nikon stereomicroscope SMZ745T 

The micro-gaps evaluation of the studied 

dental implant original and non-original 

abutments was performed by microscopic 

analysis using the Nikon SMZ745T 

stereomicroscope (Figure 7), recommended 

for both industrial and biomedical 

applications. It has a magnification of 75X and 

a working distance of 115 mm, which allows 

optimal visualization of processing traces on 

study samples. Real Time EDF (Extended 

Depth of Field) was used to capture high-

resolution images.  

 

        
 

Figure 7. Nikon stereomicroscope 

SMZ745T 

 

 

The dental implant abutments from the 4 

lots were prepared for analysis and 

measurement of the micro-gaps between 

abutment and implant by dividing each into 

four different faces A, B, C and D, to be able 

to establish an identical analysis rule for 

each. In order to record the data obtained as 

closely as possible to the dental 

understanding, we determined that Face A 

represents the Vestibular (Buccal) face of the 

abutment, Face B represents the Distal face 

of the abutment, Face C represents the 

Palatal face of the abutment and Face D 

represents the Mesial face of the abutment. 

We also determined that three measurements 

should be made on each face, one in the 

middle of the face and two at the angle from 

the neighbouring faces. 

 

Thus, the measurements were: 

- Vestibular (V), Vestibulo-distal (VD) 

and Vestibulo-mesial (VM); 

- Distal (D), Disto-vestibular (DV) and 

Disto-palatal (DP); 

- Palatal (P), Palato-distal (PD) and 

Palato-mesial (PM); 

- Mesial (M), Mesio-vestibular (MV) and 

Mesio-palatal (MP). 

 

The Bredent Blue Sky implant was fixed 

in a plaster hexagon to be stable when 

screwing each abutment to be analysed 

(Figure 8). 

 

 
 
Figure 8. The Bredent Blue Sky implant 

fixed in a plaster hexagon. 

 

 

Each abutment was fixed by screwing with 

a torque wrench to 25 Nm, after that 
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measurements were made at each point 

according to the established rules (Figure 9). 

For each abutment, those measurements 

formed a series of values. The following 

statistical indicators were computed for each 

series: the minimum (Min) and maximum 

(Max) values, the interval between these 

measurements (range), the percentual 

difference (computed as the ratio between the 

difference Min-Max and the maximum 

measurement), the arithmetic mean of all 

measurements, and the variance of the entire 

series (defined as the degree of spreading of 

the values between Min and Max). 

 

 
 
Figure 9. Micro-gaps measurement stages. 

 

Statistical analysis 

 

Statistical tests were performed using 

Statistical Package for Social Sciences 

(SPSS), version 26 (IBM Corp., Armonk, NY, 

USA) using the measurements recorded for 

each abutment. These variables are 

continuous, and they were expressed as mean 

± standard deviation (SD). Statistical analysis 

was based on Shapiro–Wilk’s test for data 

normality analysis, Levene’s test of equality of 

variances, and, since all series were normally 

distributed, one-way ANOVA for group 

comparisons. The value p < 0.05 was 

considered statistically significant. 

 

 

 

 

RESULTS 

All dental implant abutments from the four 

lots were observed under the microscope at 

45x and 75x magnification and at 75x 

magnification, photographs were taken, and 

measurements were made at the three points of 

each face.  

A one-way ANOVA was conducted to 

determine if the indicators computed based on 

the measurements between abutments and 

implant, were different within the study 

groups. There were no outliers, as assessed by 

a boxplot; data was normally distributed for 

each group, as assessed by Shapiro-Wilk test 

(p > 0.05), and there was homogeneity of 

variances, as assessed by Levene's test of 

homogeneity of variances (p > 0.05).  

The smallest average minimum distance 

measured between implant and abutment was 

recorded for abutments included in the custom 

CAD/CAM groups, unchanged compatible 

and modified compatible, in this order, 

followed by Exso and Compatible groups; the 

differences between these groups were 

statistically significant (Table 1). 

The largest average maximum distance 

measured between implant and abutment was 

recorded for abutments included in the 

“Compatible” group, followed closely by the 

“Modified compatible custom CAD/CAM” 

group. The “Unchanged compatible custom 

CAD/CAM” group exhibited the smallest 

values, still the differences between groups 

were not statistically significant. Similar 

results were obtained for interval lengths, 

percentual differences and variances, with a 

different order for each variable, and no 

statistically significant differences between 

the four abutment types (Table 1). 

The “Unchanged compatible custom 

CAD/CAM” group had the lowest minimum 

and maximum measurements, being the 

closest to the implant. Measurements for these 

abutments have the smallest degree of 

spreading within the interval, and their means 

are significantly smaller than those of other 

groups, p = 0.013 (Table 1).  
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Variable Exso Compatible 
Unchanged compatible 

custom CAD/CAM 

Modified 

compatible custom 

CAD/CAM 

F* p* 

Min (μm) 5.36 ± 0.58 5.83 ± 1.25 3.34 ± 0.61 4.46 ± 0.93 7.542 0.002# 

Max (μm) 14.34 ± 4.70 16.01 ± 1.19 10.74 ± 1.38 15.84 ± 3.66 3.070 0.058 

Interval length 

(μm) 
8.97 ± 4.39 10.18 ± 1.76 7.40 ± 1.39 11.38 ± 3.12 1.691 0.209 

Percentual 

difference (%) 
59.91 ± 10.43 63.37 ± 8.75 68.57 ± 5.79 71.42 ± 4.48 2.227 0.125 

Arithmetic 

mean (μm) 
9.18 ± 1.98 10.37 ± 0.34 6.81 ± 0.30 9.24 ± 2.23 4.918 0.013# 

Variance (μm) 7.81 ± 7.41 9.37 ± 3.30 4.87 ± 1.37 11.58 ± 7.07 1.323 0.302 

* One-way ANOVA. # Statistically significant 

 
Table 1. Measurements of the four study lots, mean ± SD, values expressed in μm and 

percentage (for Percentual difference). 

 

 

 

The following photographs highlight several examples of micro-gaps in the three points 

established at the junction between the dental implant abutment and the dental implant. 

 

The measurements of the original Bredent Sky dental implant stock abutments from Lot 1 

(examples OBS1 and OBS2), are highlighted in Figure 10 and in Figure 11. 

 

 

 
 

Figure 10 – Micro-gaps measured at Lot 1 

OBD1 abutment. 

 

 

 

 
 
Figure 11. Micro-gaps measured at Lot 1 

OBD2 abutment. 

 

 

 

 

 

 

 



Romanian Journal of Oral Rehabilitation 

Vol. 16, No.2 April-June 2024 

 

418 
DOI : 10.62610/RJOR.2024.2.16.36 

The measurements of the compatible Bredent Sky dental implant stock abutments from Lot 2 

CNM1 are highlighted in Figure 12 and CNM2 in Figure 13. 

 

 
 
Figure 12. Micro-gaps measured at Lot 2 

CNM1 abutment 

 

 

 
 

Figure 13. Micro-gaps measured at Lot 2 

CNM2 abutment. 

 

The measurements of the compatible Bredent Sky custom CAD/CAM dental implant abutments 

from Lot 3 CYD1 are highlighted in Figure 14 and CYD2 in Figure 15. 

 

 

 
 
Figure 14. Micro-gaps measured at Lot 3 

CYD1 abutment. 

 

 

 

 
 
Figure 15. Micro-gaps measured at Lot 3 

CYD2 abutment. 
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The measurements of the compatible Bredent Sky custom CAD/CAM dental implant abutments 

from Lot 4 CYD3 are highlighted in Figure 16 and CYD4 in Figure 17. 
 

 

 
 
     Figure 16. Micro-gaps measured at         

Lot 4 CYD3 abutment. 

 

 

 
 
Figure 17. Micro-gaps measured at Lot 4 

CYD4 abutment. 

 

  

DISCUSSIONS 

The aim of the present study is to evaluate 

the possible differences between the original, 

compatible and customized dental implant 

abutments in terms of the microscopic 

dimensions of the micro-gaps between 

abutment and the dental implant. Due to the 

high demand for custom dental implant 

abutments, various studies have appeared 

about the results obtained in the production of 

compatible dental implant abutments, with 

some authors claiming the superiority of the 

original dental implant stock abutments over 

custom dental implant abutments milled by 

independent milling centers or dental 

laboratories [17-23], and other authors 

arguing that there is no significant difference 

between them [24-29]. 

Among the studies showing that the 

original dental implant stock abutments are 

more suitable than the non-original ones is 

that of Gingadet M. et al. [17], that observed 

that a CAD/CAM compatible dental implant 

abutment did not have the same rotational fit 

as the original abutment. Also, in a study by 

Berberi A et al. [18] with simulated clinical 

loading conditions, the authors observed that 

compatible dental implant stock abutments 

showed greater micro-movement than the 

original dental implant abutments. Cashman 

P.M. et al. [19] observed in their study 

obvious macro and microscopic visual 

differences in the geometric connection, the 

compatible dental implant stock abutments 

having a greater deviation than the original 

dental implant stock abutments. Park J.M. et 

al.[20], in their study comparing the 

loosening of one-piece interchangeable 

abutments to an internally connected implant, 

observed a much higher removal torque of the 

original abutment than the compatible 

abutment. Kim E.S. et al. [21] and Attiah 

EMN et al. [22] observed that the initial 

loosening of the screw was clearly influenced 

by compatible customized CAD/CAM and 

compatible stock abutments as opposed to the 

original stock abutments. In another study, 

the authors Yilmaz B. et al. [23] were very 

categorical in their analysis of the load-to-

failure performance of the original and non-

original abutments, concluding that the 

original abutments suffered no fracture 

compared to the non-original abutments 

which had screw fracture. 

However, there are also authors who 

consider non-original compatible CAD/CAM 
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milled dental implant abutments to be a good 

solution for implant restorations. Paek J. et al. 

[24], in their study on determining the 

stability of prefabricated and CAD/CAM 

abutments by measuring the removal torque 

before and after immediate loading, found no 

significant difference between stock and 

CAD/CAM milled abutments in terms of 

tightening torque initial and after removal, 

concluding that milling with precise 

CAD/CAM abutment control can achieve 

good screw joint stability. In another study to 

test maximum load capacity, Kim J.S. et al. 

[25] found that there were fracture 

differences between the abutments tested, but 

the customized CAD/CAM dental implant 

abutments had a much higher load capacity 

than the original dental implant stock 

abutments. In another study, Alonso-Pérez R. 

et al. [26] found no significant differences 

between the original dental implant stock 

abutments and the non-original custom dental 

implant abutments produced by laser 

sintering in the process of mechanical testing 

of static and dynamic loading, although a 

better adaptation of the original abutments 

than the non-original ones to the implant was 

observed. In another study looking at the 

assessment of CAD/CAM abutment fit to the 

implant compared to one manufacturer's 

proprietary prefabricated abutments, 

Hamilton A. et al. [27] concluded that 

CAD/CAM abutments appear to have a fit 

comparable to prefabricated abutments for 

most of the systems evaluated, except for one 

implant system where design differences 

between the abutment connections were 

observed that affected the fit of the internal 

components of the implant-abutment 

connections.  

Another assessment of a possible vertical 

mismatch between different dental implants 

and non-original compatible stock abutments 

was made by Sola-Ruiz M.-F. et al. [28] by 

analyzing the images with the NIS-Elements 

software. They concluded that there was 

compatibility between the dental implants 

and non-original compatible stock abutments, 

the vertical adaptations obtained were within 

the limits considered clinically acceptable 

[28,29]. 

The results of the present study, with all 

existing limitations, show us that compatible 

customized CAD/CAM dental implant 

abutments provide similar results in terms of 

micro-gaps at the abutment-implant level, if 

not sometimes even better compared to the 

original dental implant stock abutments or 

compatible dental implant stock abutments. 

The existence of this smaller or larger micro-

gaps is evident when we talk about 

connecting two components: implant and 

prosthetic abutment, a major role being 

represented by dimensional tolerances and 

permissible limits of variation of a physical 

dimension that deviates from a nominal size 

[30]. If at the industrial level the high-quality 

manufacture of components with precise 

adaptations is given by quality controls, at the 

dental laboratory level there are limits 

regarding the milling of customized 

CAD/CAM abutments. These limits can be 

exceeded if software and tools are used that 

offer the possibility of producing components 

that are within the permissible limits of 

deviation from the nominal size. 

Although in this study we did not make 

any changes to the dimensions of the 

abutments milled by us, the hyperDENT 

software offers a function to set the tolerances 

of the connection to obtain a more fixed 

adaptation to the dental implant. It can result 

a smaller micro-gap or no gap, but the 

modification of tolerances in the manufacture 

of CAD/CAM compatible dental implant 

abutments will be the subject of a future 

study. 

 

CONCLUSIONS 

Within the limits of this in vitro study, we 

can conclude that all measurements 

performed on compatible CAD/CAM dental 

implant abutments are like original dental 

implant stock abutments and compatible 

dental implant stock abutments. 

The null hypothesis of this study was 

validated because our study revealed that 

there is no statistically significant difference 

of micro-gaps between compatible 

CAD/CAM dental implant abutments and 

original dental implant stock abutments and 

compatible dental implant stock abutments, 
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and the values of the assessed micro-gaps are 

within the clinically accepted limit. 

With proper quality control and the 

possibility of modifying milling parameters 

in the hyperDENT CAM software and using 

suitable milling tools, in our case Paragon 

Tools, CAD/CAM compatible abutments 

could offer a very good adaptation and a 

lower value of the micro-gaps between 

implant and abutment, sometimes even with 

better values than dental implant stock 

abutments. 
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