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ABSTRACT 

  The object of this study was to compare, through meta-analysis, the accuracy in implant placement 
obtained in Dynamic Navigation (DN) with Static Navigation (SN) and with Conventional Free-Hand 
Surgery (CS) and to provide some useful clinical parameters to consider during the planning phase of 
the intervention. A meta-analysis was performed, dividing the selected studies into two groups based on 
the statistical technique adopted: DN vs CS and DN vs SN. The heterogeneity between the various studies 
was assessed with the homonymous test and quantified with I2. The results were graphically represented 
using a forest plot. Egger’s test and funnel plot was used to investigate the “small study effect”. The 
search was performed through the PubMed database, and the Cochrane Library database identified 
448 articles. After applying the inclusion criteria, 14 articles were selected and used for quantitative 
synthesis (meta-analysis). From the results obtained from this meta-analysis, it can be stated that the 
DN mode allows for better accuracy than conventional surgery, the most used type of surgery, and is 
comparable to static navigation, the gold standard for accuracy. 

INTRODUCTION 

  The rehabilitation of partial and total edentulism using osteointegrated implants is a method that has proven 
to be highly effective and predictable, with success rates reported in the literature that are also high in the long-
term follow-up (1, 2). In order to obtain these results, the diagnostic phase of pre-surgical planning is 
fundamental and, if carried out correctly, reduces complications connected to implant malposition, such as an 
occlusal overload of the implant that can lead to a preterm failure, unsatisfactory aesthetics, in particular in 
the anterior sectors, and prosthetist difficulty in creating a prosthetic product (3). Complications of greater 
interest always linked to a malposition of the implant can be cortical perforations, lesions of adjacent teeth and 
damage to particular anatomical structures, such as the inferior alveolar nerve or the maxillary sinus (4).  
  Once the planning has been carried out, i.e. once the ideal implant position has been identified on the 
software, the clinician’s objective is to transfer it with maximum reproducibility to the real site (transition to 
the surgical phase); in order to do this, there are 2 methods available: 
• Analogical: CS
• Digital: Computer Assisted Surgery (CAS), also known as Computer Guided Surgery or Surgery in
Navigation
This last method is divided into two modalities:
• Surgery in SN
• Surgery in DN
A distinction can be made between SN using templates (dime) and direct DN using optical transmission

systems (5). The last frontier in the field of implant surgery is represented by DN, a practical aid to minimise 
the discrepancies between the virtually planned implant position (using special software) and the real position 
of the dental implant. This technique is therefore added to the other two already available in implantology: CS 
and SN. The following discussion will compare the accuracy of these three surgical modalities through a 
systematic review and meta-analysis of what is currently reported in the literature.  
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MATERIALS AND METHODS 

  The guidelines in the Cochrane Handbook for Systematic Reviews of Interventions (the Handbook), version 
5.1.0 of March 2011, were followed for this systematic review of the literature accompanied by meta-analysis. 
Furthermore, the PRISMA Statement (2015) Guidelines for reporting systematic reviews and meta-analyses 
were followed to realise the Materials and methods section. (6) To search for scientific publications, the online 
databases most used in Italy, “PubMed” and “Cochrane Library”, were used. The bibliographic research was 
carried out from February 2021 until the end of June of the same year by a single author (M.B.).  
  The following filters were applied to search for publications in the online databases mentioned above: 
1) publication date included in the period from 01/01/2000 to 31/06/2021;
2) articles published exclusively in English.

In addition, the research was carried out to select studies that compared the accuracy obtained from 
implant surgery in DN with the one obtained from other types of implant placement, such as SN and/or CS. 
The search strategy was based on the following terms: “Oral Implant”, OR “Endosseous Implant”, OR “Dental 
Implant”, OR “Implant Placement”, AND “Navigation surgery”, OR “Image-guided surgery” OR “Dynamic 
Navigation” OR “Dynamic surgery” AND “Free-hand” OR “Conventional surgery ”OR“ Computer-Aided 
Design ”OR“ Static Navigation ”OR“ Static surgery ”OR“ Template ” AND  “Mesh ” OR “custom titanium 
mesh” OR “custom mesh” OR “titanium mesh”. 

Eligibility criteria 
  Regarding the articles potentially includable in the review, randomised-controlled clinical trials (RCT), 
controlled clinical trials (CCT), cohort studies, comparative cadaver studies and comparative model studies 
were considered. Cadaver and model studies were included to compensate for the reduced availability of 
articles regarding implant placement in DN due to the recent introduction of this technique, and this was 
possible as no Patient-centered outcomes or other data requiring a follow-up period were assessed but only 
those relating to the accuracy of the system, which can also be measured in this type of studies. Studies 
involving pterygoid implants, zygomatic implants, orthodontic mini-screws, studies with no control and case 
reports were not included in the review.  
  As indicated by the Cochrane Handbook for Systematic Reviews of Interventions, the protocol for the 
formulation of the PICO question was adopted to outline the criteria for the inclusion of the articles, as shown 
below (7): 

• Population: Only articles regarding patients, models and cadavers with partial or total edentulism to
be rehabilitated with the placement of dental implants preceded by virtual planning were considered.
Furthermore, the number of total implants had to be greater than or equal to 10 in the test and control
groups.

• Intervention: The test group had to be composed of DN implant placement.
• Comparison: The control group had to consist of implant placement with SN surgery, the gold

standard for accuracy, or with CS, the most used procedure.
• Outcomes: The outcomes searched for in the articles were divided into primary and secondary

outcomes. The primary outcome searched was the accuracy measured by superimposition between the
virtual plan and the real position of the implant and reported as one of the following parameters:

- angular deviation,
- total apical deviation
- total coronal deviation.
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In addition, the following accuracy parameters were considered secondary outcomes: 
- apical depth deviation
- coronal depth deviation
- lateral apical deviation and lateral coronal deviation.

Data characteristics 
  Coronal and apical deviations were assessed in individual clinical trials as follows: a first CBCT is executed 
to allow the digital planning of the ideal implant position. After the surgery, a second CBCT is performed to 
evaluate the implant position. Then a superimposition of the first and second CBCT is performed to evaluate 
the accuracy of the surgery technique adopted (Fig. 1). 

Fig. 1. The primary outcomes are shown in red, and the secondary outcomes are shown in orange. Angular 
deviation (3): evaluates the amplitude of the angle formed by the axis of the positioned implant and the 
insertion axis of the virtual implant, expressed in degrees (°). Total apical deviation (2): is the overall distance 
between the center of the positioned implant apex and the center of the virtual implant apex, expressed in mm. 
This variable, also considering the depth and the angular deviation, is reported, in some articles, as a 3D 
apical distance. Total coronal deviation (1): this is the total distance between the center of the platform of the 
positioned implant and the center of the virtual implant platform, expressed in mm. This variable, considering 
also the depth and the angular deviation is reported, in some articles, as 3D coronal distance. Apical depth 
deviation (7): is the distance between the center of the positioned implant apex and the center of the virtual 
implant apex, measured along the Z axis. It is expressed in mm. Coronal depth deviation (5): is the distance 
between the center of the placed implant platform and the center of the virtual implant platform, measured 
along the Z axis and is expressed in mm. Lateral apical deviation (6): is the distance between the center of the 
positioned implant apex and the insertion axis of the virtual implant, measured perpendicular to the latter and 
is expressed in mm. Lateral coronal deviation (4): is the distance between the center of the platform of the 
positioned implant and the insertion axis of the virtual implant, measured perpendicular to the latter, and 
expressed in mm. 

Study selection 
  The PRISMA 2009 flow diagram guidelines were followed to select the articles (6). The titles obtained 
through the generic research previously explained were subsequently reviewed one by one (identification) by 
a single author (M.B.). At this point, the articles were selected by analysing the title and reading the abstract. 
In this second phase (screening), the full satisfaction of the inclusion criteria by the article in question was 
assessed. Therefore, studies that did not meet the inclusion criteria were excluded at this stage. Instead, the 
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publications in which the abstract reading was insufficient to understand if the inclusion criteria were met were 
included in the next phase (reading the full text (eligibility). In this way, it was possible to include only the 
studies that met all the criteria set out above. 

Data collection process 
  The data of interest were extrapolated and grouped in data collection tables. The following parameters were 
analysed: 1) authors, year of publication, type of study; 2) test surgery modality and machinery used, 
comparison surgery modality; 3) the total number of patients, cadavers, models, number of test patients, 
cadavers, models, number of control patients, cadavers, models; 4) number of test implants, number of control 
implants; 5) type of edentulous test, type of edentulous control; 6) primary outcomes, secondary outcomes. 

Statistical analysis 
  A meta-analysis was performed, dividing the selected studies into two groups based on the statistical 
technique adopted: DN vs CS and DN vs SN. 
  The meta-analysis results were expressed as standardised mean difference (SMD = Standardized Mean 
Difference) for the quantitative variables (Total Coronal Deviation, Coronal lateral D., Coronal depth D., Total 
apical D., Lateral apical D., Apical Depth D., Angular Axes D.). The extent of SMD was interpreted as mild, 
SMD = 0.2; medium, SMD = 0.5; and high, SMD = 0.8. 
  The heterogeneity between the various studies was assessed with the homonymous test and quantified with 
I2. The Higgins heterogeneity index (I2) describes the proportion of heterogeneity of the individual studies 
that cannot be explained by the sampling error and has the advantage of being intrinsically independent of the 
number of studies. Since the heterogeneity test was significant and/or the I2 was> 30% (8) for all the variables 
considered, a “random” effects statistical model was used. The combined (pooled) estimates and the related 
confidence intervals were calculated using Der Simonian and Laird (9). Finally, the results were graphically 
represented using a forest plot. 
  Egger’s test and funnel plot were used to investigate the “small study effect” (10). As a general rule, funnel 
plot asymmetry tests should only be used when at least 10 studies are included in the meta-analysis. When 
there are fewer studies, the tests’ power is insufficient to distinguish randomness from true asymmetry. 
The level of statistical significance was set at 5%, and the confidence intervals (CI) were calculated at 95%. 
All data were analysed with the STATA Software (Version 15). 

RESULTS 

Study selection and description 
  The search through the PubMed database identified 437 articles; instead, the search through the Cochrane 
Library database identified 21 articles. After eliminating the duplicates, 448 publications were obtained. A 
single operator (M.B.) viewed all these 448 titles and selected 347 abstracts to be read to assess whether or 
not they comply with the topic of interest. After the screening phase, 320 articles were removed. The 27 papers 
that tested positive for eligibility were investigated by reading the full text to assess whether they adhered to 
the inclusion criteria and, consequently, their possible use in the systematic review and meta-analysis. After 
reading the text, it was possible to exclude 13 jobs (Table I). From the initial research, 14 articles were selected: 
14 were used for the qualitative synthesis (systematic review of the literature), and 14 were used for 
quantitative synthesis (meta-analysis). Following the PRISMA 2009 guidelines, a flow chart was constructed 
summarising the study selection procedure (Fig. 2). It is always important to mention and consider the 
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possibility and the risk of bias in the included studies. The general characteristics of the 14 studies included in 
the quantitative synthesis were collected and summarised in the following table (Table II). Five clinical studies 
were identified (11-15),  1 study on the anatomical specimen (16) and 8 in vitro studies (4, 17-23). 

Table I. Articles excluded with motivation. 

Fig. 2. PRISMA flow chart. 
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Table II. General characteristics of the included studies. 
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  All the studies included analysed the implant positioning in DN as a test intervention; in particular, 1 of these 
studies used and evaluated two DN systems as a test; 1 divided the test group based on the site of insertion in 
canine and molar position and 1 study divided the test group, based on the method of insertion, between Full 
and Partial Guide. If control intervention is considered, only 6 studies represented implant placement in SN, 5 
studies by CS) and 3 by SN and CS. 
  Considering the total number of implants inserted and divided into the 3 groups used in the subsequent meta-
analysis, the data concerning 1517 implants in the DN test group, 1482 implants in the SN control group and 
792 implants in the CS control group were collected. 
  In almost all the articles considered, the type of edentulism treated was exclusive of the partial type, with the 
exception of 3 in vitro studies which performed the insertion of implants in models characterised by total 
edentulism. In the remaining studies, it was not possible to separate the number of partial edentulous ones 
from the total edentulous ones. 

Results of the individual studies 
  This paper examined the following primary outcomes resulting from the implant placement: total coronal 
deviation, total apical deviation and angular deviation. The secondary outcomes considered are coronal lateral 
deviation, coronal depth deviation, apical lateral deviation and apical depth deviation. 

Primary outcomes 
  The total coronal deviation parameter was analysed in 8 studies, 4 clinical (11-13, 15) and 4 in vitro (4, 17, 
18, 19). The total apical deviation was analysed in 11 studies, 5 clinical (11-15) and 6 in vitro (4, 17, 1-20, 
23). 
  The angular deviation parameter was analysed in all included studies (4, 11-23). The primary outcomes were 
grouped in the table below (Table III).  
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Table III. Primary outcomes. 

Secondary outcomes 
  The lateral coronal deviation parameter was analysed in a total of 6 studies, 1 clinical (12), 1 on an anatomical 
piece (16) and 4 in vitro (18, 20, 21, 23). The coronal depth deviation parameter was analysed in 2 studies, 1 
clinical (12) and 1 in vitro (21). 
The apical lateral deviation parameter was analysed in 4 studies, 1 clinical (12) and 3 in vitro (20, 21, 23). The 
apical depth deviation parameter was analysed in a total of 7 studies, 2 clinical (12, 14), 1 on an anatomical 
piece (16) and 4 in vitro (18, 20, 21, 23). The secondary outcomes were grouped in the table below (Table IV). 
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Table IV. Secondary outcomes. 

Clinical outcomes 
  Before dealing with the section regarding quantitative synthesis to extrapolate clinical data that can be valid 
as a reference during the planning phase of an intervention in DN, a further investigation was made where the 
overall mean and standard deviation of all studies included in the systematic review were calculated. The 
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overall mean and standard deviation of DN are shown in the following table, divided into primary and 
secondary outcomes. (Table V). 

Table V. Accuracy of dynamic navigation. 

Quantitative synthesis of the results 
  A quantitative comparison for the accuracy of implant placement was performed through a meta-analysis of 
each of the 7 primary and secondary outcomes evaluated. 
  Forest plot graphs were extrapolated from the meta-analysis for a simpler graphical interpretation. In 
addition, where possible, or where the number of studies allowed their realisation, the Egger test was also 
performed accompanied by the graphical representation through a funnel plot to investigate the “small study 
effect”. 
  The results of the statistical tests accompanied by the reference graphs are shown in the section below, divided 
by parameter. In order to facilitate the interpretation, the results relating to the comparison between DN and 
CS were highlighted in blue, and those between DN vs SN in yellow.  

Total coronal deviation 
  For the total coronal deviation, the statistical analysis shows that there is a high difference (SMD = -1.650), 
statistically significant (p <0.001), in favor of DN in comparison with CS. From the comparison of DN vs SN, 
a slight difference emerges (SMD = -0.234) in favor of DN, but this difference does not reach statistical 
significance (p = 0.576) (Table VI). 
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Table VI. Total coronal deviation. 

Total coronal deviation: forest plot 
  Observing the forest plot, of which the upper portion concerns the DN vs SN comparison and the lower 
portion the DN vs CS comparison, it can be seen that the test, the DN, is favoured in comparison with the CS 
and comparable to the SN, although presenting a very slight difference, however not significant (Fig. 3). 
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Fig. 3. Total coronal deviation, forest plot. 

Total apical deviation 
  For the total apical deviation, the statistical analysis shows that there is a high difference (SMD = -1.919), 
statistically significant (p <0.001), in favor of DN in comparison with conventional surgery. From the 
comparison of DN vs SN, a moderate difference emerges (SMD = -0.556) in favor of DN, reaching statistical 
significance (p = 0.008) (Table VII). 
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Table VII. Total apical deviation. 

Total apical deviation: forest plot 
  Observing the forest plot, of which the upper portion concerns the DN vs CS comparison and the lower 
portion the DN vs SN comparison, it can be seen that the test, the DN, is favoured in comparison with the CS 
and also favoured in comparison with the SN, with statistical significance in both comparisons (Fig. 4). 
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Fig. 4. Total apical deviation, forest plot. 

Axis angular deviation   
  For the angular deviation of the axes, the statistical analysis shows that there is a high difference (SMD = -
2.269), statistically significant (p <0.001), in favor of DN in comparison with conventional surgery. From the 
comparison of DN vs SN, a slight difference emerges (SMD = -0.199) in favor of DN, but this difference does 
not reach statistical significance (p = 0.239) (Table VIII). 
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Table VIII. Axis angular deviation. 

Axis angular deviation: forest plot 
  Observing the forest plot, of which the upper portion concerns the DN vs SN comparison and the lower 
portion the DN vs CS comparison, it can be seen that the DN test is favoured in comparison with the CS and 
comparable to the SN, although presenting a very slight difference, however not significant. Furthermore, it 
can be observed that the difference between DN and SN remains minimal and negligible both by analysing 
the data as a whole and in individual studies, except for the data reported by Kang et al. and Sun et al. (14, 
21), which differ considerably from the other data reported (Fig. 5). 
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Fig. 5. Axis angular deviation, forest plot. 

The presence of the “small study effect” was investigated using the funnel plot and the Egger test: 
• Funnel plot axis angular deviation, DN vs CS comparison (Fig. 6).
• Funnel plot axis angular deviation, DN vs SN comparison (Fig. 7).
o Since the p = 0.148, the presence of “small-study effects” is excluded from the comparison between

DN and CS. (Table IX).
o Since p = 0.840, the presence of “small-study effects” is excluded from the comparison between DN

and SN. (Table X).

Fig. 6. Funnel plot axis angular deviation, DN vs CS comparison. 
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Fig. 7. Funnel plot axis angular deviation, DN vs SN comparison. 

Table IX. Since the p = 0.148, the presence of "small-study effects" is excluded in the comparison between 
DN vs CS. 

Table X. Since p = 0.840, the presence of "small-study effects" is excluded in the comparison between DN vs 
SN. 
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Coronal lateral deviation   
  For the lateral coronal deviation, the statistical analysis shows a high difference (SMD = -0.867), statistically 
significant (p = 0.001), in favor of DN compared to conventional surgery. From the comparison of DN vs SN, 
a moderate difference emerges (SMD = 0.449) in favor of SN, reaching statistical significance (p = 0.006) 
(Table XI). 

Table XI. Coronal lateral deviation. 

Coronal lateral deviation: forest plot 
  Observing the forest plot, of which the upper portion concerns the DN vs CS comparison and the lower 
portion the DN vs SN comparison, it can be seen that the test, the DN, is very favored in comparison with the 
CS but disadvantaged when compared to the SN, with statistical significance in both comparisons (Fig. 8). 
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Fig. 8. Coronal lateral deviation, forest plot. 

Coronal depth deviation 
  For the coronal depth deviation, the statistical analysis shows that there is a moderate difference (SMD = -
0.408), statistically significant (p <0.001), in favor of DN in comparison with conventional surgery. From the 
comparison of DN vs SN, a moderate difference emerges (SMD = 0.721) in favor of SN, and this difference 
reaches statistical significance (p = 0.002) (Table XII). 
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Table XII. Coronal depth deviation. 

Coronal depth deviation, forest plot 
  Observing the forest plot, of which the upper portion concerns the DN vs CS comparison and the lower 
portion the DN vs SN comparison, it can be seen that the test, the DN, is favoured in comparison with the CS 
but disadvantaged if compared to SN, with statistical significance in both comparisons (Fig. 9). 

Fig. 9. Coronal depth deviation, forest plot. 
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Lateral apical deviation 
  For the lateral apical deviation, the statistical analysis shows that there is a high difference (SMD = -1.216), 
statistically significant (p <0.001), in favor of DN in comparison with conventional surgery. From the 
comparison of DN vs SN, a slight difference emerges (SMD = 0.289) in favor of SN, and this difference 
reaches statistical significance (p = 0.048) (Table XIII). 

Table XIII. Lateral apical deviation. 

Lateral apical deviation: forest plot 
  Observing the forest plot, of which the upper portion concerns the DN vs CS comparison and the lower 
portion the DN vs SN comparison, it can be seen that the test, the DN, is favoured in comparison with the CS 
but disadvantaged if compared to SN, with statistical significance in both comparisons (Fig. 10). 
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Fig. 10. Lateral apical deviation, forest plot. 

Apical depth deviation 
  For the apical depth deviation, the statistical analysis shows a moderate difference (SMD = -0.577) with 
borderline statistical significance (p = 0.055) in favor of DN compared to conventional surgery. From the 
comparison of DN vs SN, a slight difference emerges (SMD = -0.065) in favor of DN, and this difference does 
not reach statistical significance (p = 0.673) (Table XIV). 
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Table XIV. Apical depth deviation. 

Apical depth deviation: forest plot 
  Observing the forest plot, of which the upper portion concerns the DN vs CS comparison and the lower 
portion the DN vs SN comparison, it can be seen that the test, the DN, is favoured in comparison with the CS 
and comparable to SN, although presenting a very slight difference, however not significant (Fig. 11). 
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Fig. 11. Apical depth deviation, forest plot. 

Summary of meta-analysis results 
  In almost all the meta-analyses, heterogeneity was found between the studies, partly reflecting the variability 
of the surgical experiences.  
  Concerning primary outcomes, using a DN method allows for significantly better accuracy than conventional 
surgery; compared to SN; however, two slight differences are not statistically significant, and a moderate 
difference that is statistically significant, all in favor of DN. 
  Regarding secondary outcomes, DN is significantly more accurate than conventional surgery but less than 
SN, except for the apical depth deviation in comparison with static navigation, which has minimal and no 
significant differences (Table XV). 
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Table XV. Summary of meta-analysis results, statistically significant differences are shown in bold. 

DISCUSSION 

  From the results obtained from this meta-analysis, it can be stated that the DN mode allows for better accuracy 
than conventional surgery, the most used type of surgery, and is comparable to SN, the gold standard for 
accuracy. 

DN vs CS 
  Compared with CS, surgery in DN presents notable and significant differences in all the parameters taken 
into consideration. 
  In more detail, slight differences are found in the results obtained from CS in the two different clinical and 
model study settings, which appears to be slightly more accurate in model studies than at a clinical level. This 
difference can be traced back and explained by the fact that in the experimental setting, mainly due to the 
absence of saliva, blood, and soft tissue encumbrance, the notch on the drill used as a reference during the 
osteotomy is more easily identifiable. 

DN vs SN 
  When considering the primary outcomes from the comparison with SN, the data show that DN has better 
accuracy. The total apical deviation shows a moderate difference in favor of DN and reaches statistical 
significance, while the total coronal deviation and the axis angular deviation show slight differences in favor 
of DN, but neither of them reaches statistical significance. 
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Regarding the different types of studies (clinical, anatomical preparation, and model studies), in all three 
primary outcomes, there is some agreement in the results of the different types of studies, with some exceptions 
(14, 17, 21).  
  Kang et al. (21), in regards to the axes angular deviation, clearly differs from the other studies with a clear 
difference in favor of SN (values comparable to the other studies for SN, the worst among all studies included 
for DN). However, the discrepancy between the study by Kang and the other studies, included manifesting 
itself in the test (DN) and being negligible as regards the control (SN), may be partly justified by the 
systematics used for DN, which is not among those available on the market and therefore presumably still in 
the experimentation phase. In some studies, the discrepancy could be attributed to the systematics used (14, 
17). 
  In secondary outcomes, compared with SN, the data show that SN has better accuracy. The coronal lateral 
deviation presents a moderate difference in favor of the SN and reaches statistical significance, the coronal 
depth deviation presents a high difference in favor of the SN and reaches statistical significance, the apical 
lateral deviation presents a slight difference in favor of SN and reaches statistical significance. In contrast, the 
apical depth deviation presents a slight difference in favor of DN but does not reach statistical significance. 
  Since the primary outcomes favour DN while the secondary outcomes favour SN, it can be concluded that 
overall, DN and SN have comparable accuracy. 
  Furthermore, the fact that secondary outcomes show better accuracy for static navigation must be analysed, 
taking into consideration that the data derive mainly from anatomical preparation studies and in vitro studies 
and little from clinical studies since secondary outcomes were considered in only one clinical study, and detail 
only the apical depth. The almost total absence of the clinical component in the analysis of secondary outcomes 
may explain the reason for the difference found with the primary ones. 
  The accuracy of SN strictly depends on the stability of the surgical guide, which in turn depends on the type 
of edentulousness from the supporting tissue, the movements of the muscle compartment, and the thickness 
and resilience of the supporting tissues (24, 25). All conditions in model studies, no matter how much you try 
to recreate and reproduce them, do not negatively affect the performance of this navigation mode, thus 
resulting in better accuracy than in anatomical preparation studies and clinical studies (26). However, exactly 
the opposite happens for DN; considering DN, this trend not only does not manifest itself but also presents an 
opposite trend; by comparing the weighted averages obtained on the model and in the clinical setting, a better 
accuracy emerges in favor of clinical studies in all the parameters considered except for the total coronal 
deviation (Table XVI). 
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Table XVI. Comparison of Dynamic Navigation results divided by study type. 

Comparison of DN results divided by study type 
  The fact that in DN, the clinical data are better than the model studies can be partly explained by the fact that 
the clinical studies are recent and therefore report the data of systematic DNs updated and tested over time 
than those used in experimental settings on a model, which may still be in the process of being perfected or 
even prototypes. It should also be considered that using these DN systematics in the clinical setting is reserved 
for operators who have usually completed extra-clinical training before using them on the patient. This 
condition is not necessary for experimental settings based on the model and in which it can therefore be 
assumed that the inexperience in the use of these systematic DNs adversely affects the performance detected, 
in fact, the existence of a learning curve in the use of DN has been demonstrated, with statistically significant 
differences between the measurements obtained in the first and subsequent surgical interventions (12, 27) 
(Table XVI). 

CONCLUSIONS  

  Although this meta-analysis has limitations due to the small number of articles in the literature regarding this 
recent surgical technique and also due to the high heterogeneity obtained by including anatomical preparation 
studies and model studies, we can conclude that further clinical studies, possibly RCTs, are needed in order to 
make a comparison characterised by greater statistical power and better homogeneity (28-30).  
  Despite these limitations, based on the foregoing sections, it can be stated that the introduction and use of a 
DN system in implantology represents a predictable and reliable surgical technique (31-33) (Table XVI). 
  Compared to CS, which is still the most widespread implant placement modality, DN allows for greater 
accuracy, which potentially translates into a lower number of intra-operative complications and more optimal 
prosthetic management, simplifying its steps and reducing the need to use complex and unexpected solutions 
that would lead to an increase in costs and times (34-37).  
  When using DN, a safety distance of at least 2 mm from the surrounding anatomical structures must be 
established and considered in the design phase, as for Static Navigation (38, 39); this is because DN while 
allowing a high reduction of the discrepancy detected between virtual planning and real positioning, has a 
residual margin of error (40-42). 
  Compared with SN, currently the gold standard in terms of accuracy, DN allows you to obtain overlapping 
results whose possible differences, found mainly in the secondary outcomes, remain slight and insignificant 
(43, 44). 
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  This minimal difference in favor of SN is, however, entirely compensated by the many advantages introduced 
by DN; first of all, the enormous flexibility of use which, not being constrained by a rigid template (typical 
instead of SN), allows the surgeon the possibility to modify the rehabilitation project in the intra-operative 
phase and to manage the peri-implant tissues in the most suitable way for the patient’s clinical situation (45, 
46). 
  In conclusion, although further studies are necessary to validate the cost-benefit ratio, the possible extension 
of operating times must also be carried out for the reasons just expressed, DN is proposed, when available, as 
the system of the first choice in implantology, combining in a single instrument the indispensable versatility 
offered by CS with the accuracy typical of SN (47, 48). 
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