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1. Abstract 

Evolving advances in the field of implant dentistry aim to continue improving the 

predictability of implant therapy in replacing missing teeth. The aim of this research 

project is to investigate the influence of implant body thread design on the accuracy of 

implant placement using computer-aided implant surgery, specifically comparing the 

impact of two implant designs. It was hypothesized that the more aggressive thread design 

of the BLX implant will lead to greater 3D deviation in both healed (type 4) and 

extraction socket (type 1) sites, compared to the less aggressive BLC design. The study 

used acrylic bone models simulating a human maxillary arch with missing teeth, and 

implants were placed using a complete digital workflow and the deviation between 

planned and actual implant positions were measured using a digital software. The results 

revealed BLX implants were more accurate in both type 1 and type 4 sites, and also 

showed that type 4 had less deviation than type 1 scenarios. Limitations of the study 

include the use of bone models and alloy implant replicas, which do not fully replicate 

human bone or titanium implant surfaces, though these limitations were standardized to 

isolate the variables of interest, such as thread design. Although the results showing 

statistical significance, more clinical research is needed to corelate clinical relevance and 

formulate clinical recommendations. 
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2. Introduction  

2.1          Background  

Recent advances have significantly enhanced the long-term stability of osseointegrated 

implants, reinforcing their status as the gold standard for tooth replacement. The current 

trend in this evolving discipline is shifting toward immediate placement in post-extraction 

sites and in the esthetic zone—an approach that offers more predictable, long-term outcomes, 

shortens overall treatment time, and, most importantly, improves the patient experience.1-4   

According to Buser3, due to the dimensional bone and tissue changes occurring post 

extraction, placement of implants immediately after extracting a tooth has its advantages but 

comes with its set of risks. Implants if placed carefully and accurately in extraction sockets, 

can yield optimal esthetic treatment outcome with high predictability and a low risk of 

complication, however, this comes with a list of factors and pre-requisites to insure optimal 

success in the esthetic zone including: The thickness, height and integrity of the facial bone 

wall, the height and thickness of the palatal bone wall, the crest width mesially and distally to 

the extraction site, measured 3 mm apical to the cementoenamel junction of adjacent teeth, 

the height and inclination of the alveolar ridge, the height of the alveolar bone at adjacent 

teeth, the location and extension of the naso-palatal canal, the bone volume available apically 

and palatally of the root and the mesio-distal size of the resulting single tooth gap post 

extraction. Under this strict selection criteria, only 5% of the population may present with an 

ideal clinical scenario being eligible for immediate implant placement in the esthetics zone, 

which requires ideal execution with well experienced clinicians1-3.  
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Even with excellent 10-year survival and success rates of implants osseointegration, 

improvements of macro- and micro- designs of dental implant is still an area interest5-10. 

Extensive research has been investigating areas of improvement that will predictably gain 

more primary stability and bone-to-implant contact7,9-11. This includes and not limited to 

improvements in surfaces treatment, platform designs, connection type and thread designs.11   

With more focus of immediate dental implant placement, manufacturers are developing more 

aggressive thread designs that will influence primary stability in post-extraction immediate 

placement and ultimately deliver comfort to the patient6,7,12-16. But little to no research 

studies the influence of the thread design on the biomechanics of implant placement and 

accuracy of planned position.11,17  

Clinicians with the assist of Static Computer-Aided Implant Surgery, aim to place implant in 

the most accurate and ideal position that is restoratively optimally placed and anatomically 

risk-free to the patient and away from vital anatomical structures18-23. The use of Static 

Computer-Aided Implant Surgery has proven to be an accurate, safe, and less invasive 

protocol for implant placements12-24. Tahmaseb et al. in a meta-analysis and systematic 

review concluded that Static Computer-Aided Implant Surgery yield results within the 

clinically acceptable range in the majority of clinical situations19.   

However, a safety margin of at least 2 mm should be respected away from vital anatomical 

structures19,24,25. This will allow for safe surgical implant surgery with minimal risk to patient 

with excellent predictable results. This is in fact due multiple factors influencing the outcome 

of Static Computer-Aided Implant Surgery including, experience of the provider, anatomical 

variation between patients, and digital and manufacturers production discrepancies. Not 

following a safety margin of at least 2 mm can lead to unaesthetic and more importantly 
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catastrophic complications that are easily avoidable by using Static Computer-Aided Implant 

Surgery1,20,24,26.  

Gaps in the literature raise multiple questions and concerns about the relevance and impact of 

the incorporating new implant thread designs and accuracy of immediate placement in day to 

day clinical implant dentistry.  

With the emergence of aggressive thread designs in dental implantology, advertised to dental 

clinician with different backgrounds and experiences, limited or no data is available in the 

literature about the influence of the aggressive nature of the macro-design of dental implants 

on the accuracy of implant placement. Questions remain about the impact of guided implant 

placement protocol and whether it can help restrain the macro-design of newly developed 

implants influence on the accuracy and safety of implant placement especially in the esthetic 

zone, with such deviation can results in detrimental clinical outcomes with insubstantial and 

deficient available research.  

With the substantial increase of dental implant prevalence among US adults and with more 

general practitioners and specialists being active in the field of  implant dentistry27, Implant 

placements immediately in extraction sockets in the esthetics zone call for an immediate 

need for clinical implications, recommendations and protocols would help clarify when, what 

and how to place implants immediately in the esthetic zone, and which type and design of 

implant would suit the clinical scenarios dental practitioners would choose as treatment 

modality for their patients.28  
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2.2.  Specific Aims    

The main aim of this research project is to study the influence of implant’s body thread 

design on the accuracy of static computer-aided implant surgery when placed in two clinical 

scenarios, extraction sockets (Type 1) Implant and healed sites (Type 4) 

 
 
 

2.3.  Hypotheses 

Null hypothesis: 

Implant thread design will not influence the accuracy of implant placement in which 

BLX implant will not exhibit more significant 3D deviation than BLC implant due to its 

aggressive thread design than the less aggressive thread design implant BLC, in both 

scenarios, healed site (Type 4) and extraction socket sites (Type 1).    

 

  Alternative hypothesis: 

Implant thread design will significantly influence the accuracy of implant placement in 

which BLX implant will exhibit more significant 3D deviation than BLC implant due to 

its aggressive thread design than the less aggressive thread design implant BLC, in both 

scenarios, healed site (Type 4) and extraction socket sites (Type 1)    
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2.4.  Significance  

With the substantial increase of dental implant prevalence among US adults and with more 

general practitioners and specialists being active in the field of  implant dentistry27, Implant 

placements immediately in extraction sockets in the esthetics zone, also referred to as Type 

1, call for an immediate need for clinical implications, recommendations and protocols 

would help clarify when, what and how to place implants immediately in the esthetic zone, 

and which type and design of implant would suit the clinical scenarios dental practitioners 

would choose as treatment modality for their patients.  

This study is designed to isolate of the implant’s body thread design to study it’s influence on 

the Accuracy of Implant Placement Using Static Computer-Aided Implant Surgery. By 

standardizing the bone model, the CBCT, planned position, wax up, surgical guides, guided 

drilling protocol, scanning protocol, the only variable left to test is whether the implant body 

thread design impacts the accuracy of implant placement.  The study will demonstrate the 

influence of implant’s thread design on the Accuracy of Implant Placement Using Static 

Computer-Aided Implant Surgery.   

This research project will demonstrate the influence of Implant designs on placement 

protocols in real clinical situations, in which aggressive implant placement in immediate 

extraction situations requires careful planning, case selections, experienced clinicians and 

guided implant surgery.  
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3. APPROACH 

3.1.  Experimental Design  

The study is designed as an in vitro study.    

Manufactured acrylic bone-models replicating a human maxillary arch with missing teeth #4 

and #13 as healed sites and #8 and #9 as extraction sockets were used. Models included 

radiopaque bone and teeth material for better visuals. A Cone beam Computed Tomography 

(CBCT) taken for each model and create a DICOM file. An extra oral scan for each model 

captured using (3shape E4 scanner). A wax-up made digitally for each missing tooth using 

software (3shape). Standard Tessellation Language (STL) files were imported for all scans 

and digital wax ups.   

All DICOM files and STL files imported to digital planning software (coDiagnostiX) to 

digitally plan implant positions, placements and to design and fabricate surgical templates.   

Two implant designs were compared in the study: BLX Implant System and BLC implant 

System (Straumann) using alloy implant replicas from the manufacturer made for training 

and educational purposes. The main difference between the two implants is the thin, sharp, 

large, deep threads that BLX has while BLC has shallow, thick threads, while both has 

selftapping, self-cutting apical abilities.    

The study consisted of implant placement in the model using a fully guided approach in 

which both the osteotomy drilling protocol and the implant placement done using the 

surgical guide; This was done in an attempt to isolate as many factors as possible to assess 

the main specific aim of this study; influence of implant’s body thread design on the 
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accuracy of static computer-aided implant surgery when placed in two clinical scenarios, 

extraction sockets and healed sites.    

The study consisted of 30 bone models and 120 implants in the following approach:     

(fully guided osteotomy + fully guided implant placement):     

1- 30 BLX implant placed in healed sites 

2- 30 BLX implants placed in extraction sockets 

3- 30 BLC implants placed in healed sites  

4- 30 BLC implants placed in extraction sockets.     

 

After placements of all implants, all fixtures scanned using scan bodies and the same 

extraoral desktop scanner. Digital scans imported to coDiagnostiX as STL files.    

The control is the implant planned positions prior to implant placement. The comparison is 

the actual implant position of the implant after implant placement. Using the Treatment 

Evaluation tool (figure 4) in coDiagnostiX software, the STL files of the implant planned 

position and the implant actual position were superimposed accurately to measure deviation 

in the following aspects:  

 

1- Angle 

2- 3D offset (base) 

3- Distal (base) 

4- Vestibular (base) 

5- Apical (base) 

6- 3D offset (tip) 
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7- Distal (tip) 

8- Vestibular (tip) 

9- Apical (tip) 

 

 

Figure 1: BLX Figure 2: BLC 
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Figure 3: Workflow 

 

Figure 4: Treatment Evaluation Tool 

  
  

 

 

 



 14 

2.3.  Statistical Analysis  
  

Descriptive statistics, including means and standard deviations for normally distributed 
variables, and medians with interquartile ranges (Q1; Q3) for non-normally distributed 
variables, were calculated for each quantitative parameter. Distribution normality was 
assessed for each variable, and both mean (± SD) and median (Q1; Q3) were reported 
accordingly. 

Comparisons between implant site groups (healed vs. extraction sockets) and implant types 
(BLX vs. BLC) were performed using independent samples t-tests for normally distributed 
variables and Mann–Whitney U tests for non-normally distributed variables. Categorical data, 
if applicable, were reported using frequency counts and percentages. 

To analyze the effects of implant site, implant type, and their interaction on deviation 
parameters, a two-way analysis of variance (ANOVA) was used for each normally distributed 
variable. For each outcome, p-values were reported for the main effects and the interaction 
term. A two-tailed p-value of less than 0.05 was considered statistically significant. 

All statistical analyses were conducted using R version 4.3.1 and RStudio version 
2024.09.0+375. 
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2.4.  Results 

Accuracy by Implant Site: Healed Ridges vs. Extraction Sockets 

 

The overall precision of guided implant placement was lower in extraction sockets compared 

to healed ridges across several dimensions. 

 

The mean angular deviation was 2.3° (± 1.57) in healed sites and increased to 2.7° (± 1.19) in 

extraction sockets, with a median of 2.0° and 2.8°, respectively (p = 0.016). This suggests that 

implants placed in extraction sockets tend to deviate more in angulation, likely due to reduced 

bone resistance and lack of cortical boundaries compared to healed sites. 
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The 3D offset measured at the implant tip showed a similar pattern, with a mean deviation of 

0.9 mm (± 0.44) in healed ridges and 1.1 mm (± 0.42) in sockets (p = 0.041).  

 

 
 

 

 

 

 

 

 

 



 17 

Vestibular deviation at the tip was especially pronounced in sockets, showing a mean of 0.8 

mm (± 0.57) versus -0.1 mm (± 0.75) in healed sites (p < 0.001). This shift towards buccal 

over-insertion may be due to the instability of the guide support in softer, socketed bone. 
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At the base level, vestibular deviation was significantly lower in healed ridges (mean: 0.0 mm, 

± 0.38) compared to sockets (mean: 0.4 mm, ± 0.30; p < 0.001).  
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Likewise, distal deviations were reduced in healed ridges, with a mean of 0.0 mm compared to 

0.2 mm in sockets (p = 0.007) 
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Apical deviations followed a less consistent trend but still showed lower mean values in healed 

ridges (0.2 mm vs. 0.1 mm; p = 0.006 at the base, p = 0.007 at the tip). 
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These data suggest that although guided surgery maintains relatively high precision in both 

scenarios, immediate placement into extraction sockets introduces greater variability in implant 

position — particularly in buccolingual and distal dimensions. While the differences were 

statistically significant, the extent of the deviations remained within sub-millimeter ranges. 
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Accuracy by Implant Type: BLX vs. BLC 

 

The performance of the two implant designs revealed notable differences, with the BLX 

implant demonstrating superior accuracy overall. 

 

Angular deviation was similar between BLX (mean: 2.4°, ± 1.37) and BLC (mean: 2.6°, ± 1.45; 

p = 0.541), indicating that implant design did not substantially influence axial placement. 

However, multiple linear deviations favored the BLX. 
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At the base level, the distal deviation was significantly lower for BLX (mean: 0.0 mm, ± 0.21) 

compared to BLC (0.2 mm, ± 0.20; p < 0.001).  
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Vestibular deviation at the base also followed this trend, with BLX averaging 0.1 mm versus 

0.3 mm in BLC implants (p = 0.030).  

 

 
 

 

 

 

 

 

At the tip, the BLX group showed less vestibular deviation (0.2 mm vs. 0.5 mm; p = 0.038) and 

notably less distal drift (−0.1 mm vs. 0.3 mm; p < 0.001). 
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These findings suggest that the BLX’s tapered, self-cutting design may enable more accurate 

trajectory control during guided placement, particularly in healed bone, where cortical 

engagement can enhance positional stability. 

 

Interaction Between Implant Site and Type 

 

When implant site and type were analyzed together, key patterns emerged. In healed ridges, the 

BLX outperformed the BLC across nearly all dimensions. Distal deviation at the base was 

significantly lower in BLX (mean: −0.1 mm) than in BLC (mean: 0.2 mm; p < 0.001), and 

vestibular deviation was similarly reduced (−0.1 mm vs. 0.2 mm; p = 0.002). The difference 

was also visible at the implant tip, where distal deviation was −0.2 mm in the BLX group 

compared to 0.4 mm in the BLC group (p < 0.001), and vestibular deviation was significantly 

smaller in BLX (−0.4 mm vs. 0.2 mm; p = 0.001). 

 

In contrast, when analyzing implants placed in extraction sockets, the difference between BLX 

and BLC disappeared. All parameters showed comparable means and standard deviations 

between the two implant types, and none reached statistical significance. For example, angular 

deviation remained nearly identical (BLX: 2.7°, BLC: 2.8°; p = 0.653), and 3D offset at the tip 

showed no clear advantage for either design. 

 

This indicates that while the BLX implant demonstrates improved precision in healed ridges, 

this benefit does not carry over to immediate placement in sockets. In such cases, the 

unpredictable socket morphology likely diminishes the mechanical advantage offered by the 

implant geometry. 
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2.4.  Discussion 

 

In this in vitro investigation, the accuracy of static computer-assisted implant surgery (sCAIS) 

was assessed by comparing two bone-level implant macrodesigns—a self-cutting tapered 

implant (BLX) and a more conservative partially tapered implant (BLC)—in both healed ridges 

and extraction sockets. Although deviations remained within clinically acceptable limits across 

all groups, statistically significant differences were observed between ridge types and implant 

designs, particularly in terms of angulation, 3D offset, and directional deviations in the 

buccolingual and distal dimensions. Across all conditions tested, deviations remained within 

relatively narrow ranges. Nevertheless, significant differences were identified between healed 

ridges and extraction sockets, and between two bone-level implant designs. Implants placed in 

healed ridges exhibited lower angular and linear deviations across nearly all dimensions 

compared to those placed in fresh extraction sockets.  

 

A higher mean angular deviation was observed in sockets compared to healed ridges, and this 

was accompanied by increased 3D offsets and vestibular drift at the apical level. Buccal and 

distal shifts in implant position were more pronounced in extraction sockets, suggesting that 

the lack of cortical boundaries and variable socket morphology may allow deviation during 

osteotomy preparation or implant insertion. These findings are in line with previous studies by 

Dulla et al. (2023), who reported that extraction sockets tend to guide drills and implants toward 

the alveolus due to the absence of hard tissue containment.31 A similar pattern has been 

observed in freehand surgery, where socket morphology has been shown to exacerbate angular 

errors and spatial deviation. However, when guided placement is applied, accuracy remains 

substantially improved over freehand placement—even in immediate sites.32-35 Furthermore 

findings of Couso-Queiruga et al. demonstrate that ridge morphology influences freehand 

placement far more than it does guided placement.36  

 

When evaluating the influence of implant macrodesign, the deep-threaded tapered bone level 

implant (Straumann BLX, Institute Straumann) demonstrated reduced linear deviations in 

healed ridges compared to the more conservative geometry of the partially tapered implant 
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(Straumann BLT, Institute Straumann). This was particularly evident in the increased buccal 

and distal deviations observed at both the base and apex levels. The findings that the more 

progressive implant designs outperform the more conservative ones are consistent with 

previous work by El Kholy et al., who showed that the tapered BLT implant produced lower 

angular and apical deviations under guided protocols compared to the parallel-walled TL and 

BL designs. It was suggested by the authors that implants with tapered apical geometries 

engage earlier during insertion.37 

The deep-threaded implant (Straumann BLX, Institute Straumann) represents a self-cutting 

tapered implant characterized by a specifically protruding thread geometry and a reduced-

diameter neck which may influence bone engagement and force distribution during insertion. 

In the current study, its use in healed ridges was associated with improved spatial accuracy, 

likely due to its ability to engage cortical bone early and resist positional deflection. In contrast, 

the partially-tapered implant (Straumann BLC, Institute Straumann)—with its more cylindrical 

body and shallow threads—showed greater deviation under otherwise identical conditions. 

 

In extraction sockets, however, the advantage of the deep-threaded implant was not that 

apparent. No statistically significant differences were observed between the two designs in 

immediate sites; however, the trend consistently favored the self-cutting tapered implant 

(BLX), suggesting a potential benefit that may not have reached significance due to variability 

or sample size limitations. The inherent instability of the socket anatomy may override the 

influence of macrogeometry, resulting in comparable performance between both implant types. 

 

In earlier publications, it was hypothesized that differences in internal connection geometry or 

the presence of a carrier mount could explain the superior performance of certain implants. 

Dulla et al. proposed that the TorcFit connection used in BLX—featuring a vertical stop—

might reduce deviation compared to the CrossFit connection used in BL, which lacks such a 

feature.31 However, in the current generation of implants, both implants studied in this study 

share the same conical connection and no longer rely on intermediate carriers. The implant 

drivers engage directly with the internal connection. As such, the connection design cannot 

explain the observed differences in deviation, and previous hypotheses along these lines may 

no longer be applicable. This conclusion was already supported by El Kholy et al. in 2019, 
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which compared different insertion tools and connections and failed to find any significant 

difference in accuracy.37 

 

Given this context, it is proposed that the observed differences may be more closely associated 

with events occurring during the drilling sequence. In sCAIS protocols, drills are typically 

guided through a key, which is inserted into a sleeve, which in turn is luted into the surgical 

guide. Each of these interfaces introduces a potential source of error. At higher rotational 

speeds (800–1000 rpm), any mechanical tolerance between these components may allow lateral 

play or vibrational deviation, particularly when drilling into dense cortical bone or, in the case 

of extraction sockets, against the lamina cribrosa. During initial entry, when resistance is 

greatest, drills may deviate from their intended trajectory, and because of the cumulative 

tolerances present in conventional guided systems, these deviations may not be controlled. 

 

In the current study, osteotomies were prepared using a conventional guided system involving 

both metallic sleeves and drill handles. However, implant placement itself was performed 

without the use of a handle or key, as is typical in such systems. The number of drilling steps 

required to complete the osteotomy may influence overall accuracy, as each additional step 

introduces further opportunity for cumulative deviation. Each drill pass introduces an 

opportunity for cumulative error, especially in systems with high mechanical play. In contrast, 

implant insertion occurs at low rotational speeds (15–30 rpm) and is typically performed with 

a torque-controlled driver, allowing the clinician to exert greater tactile control and adjust 

angulation in real time. The implant macrodesign influences whether these intraoperative 

corrections can be realized. Parallel-walled implants are fully constrained by the prepared 

osteotomy and cannot adjust trajectory once inserted. Tapered implants, due to their smaller 

apical diameter, may exhibit a limited ability to deviate during insertion. Self-cutting tapered 

implants such as the BLX may offer the ability to partially correct for prior deviation. Because 

they actively engage bone upon insertion, they may resist drift and re-align toward the intended 

axis. This possibility is supported by findings from Raabe et al., who tracked deviation across 

the entire guided sequence—including pilot drill, final drill, and implant placement—and found 

that the final implant position was slightly more accurate than preceding steps. This suggests 
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that some implants may compensate for prior deviations, with the BLX exhibiting this property 

to a greater extent than other designs.38  

While the present study employed a conventional guided system using both metallic sleeves 

and drill handles, it should be noted that not all commercially available static guided systems 

available follow this configuration. Some systems incorporate metallic sleeves but eliminate 

the use of drill handles, while others keep the handle but omit the sleeve. More recently, 

systems have been introduced that forgo both components—offering a completely sleeveless 

and keyless approach to guided surgery. Raabe et al. reported that keyless systems 

demonstrated lower deviation compared to systems requiring a drill key or handle.39 

Furthermore, both Raabe et al. and Hang et al.  both found that eliminating the sleeve 

altogether and adopting sleeveless guide-hole designs further increased placement 

accuracy.31,40,41 These observations reinforce the concept that the more interfaces and moving 

components are present in a system, the greater the potential for mechanical deviation. 

However, it must be acknowledged that resin-based guides without metallic sleeves carry a 

potential risk of wear, and shavings of resin material may be introduced into the osteotomy 

during the drilling process. It is also important to differentiate between systems that are 

sleeveless but still rely on a drill handle, and those that are both sleeveless and keyless. Only 

in the latter is the number of moving pieces truly minimized. 

Finally, although multiple outcomes reached statistical significance, all deviations remained 

below 1 mm in linear dimensions. This raises questions about clinical relevance, as prior studies 

have shown that minor spatial deviations do not necessarily translate into functional or esthetic 

compromise. Further studies incorporating clinical endpoints are needed to determine the 

degree to which such variations influence treatment success. 
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