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Abstract 
 
Precise implant positioning is critical for functional, biological, and prosthetic success in 
dental implant therapy. Dynamic navigation systems provide real-time intraoperative 
guidance and may enhance placement accuracy compared with conventional freehand 
techniques. However, their impact on clinical outcomes remains incompletely clarified. To 
evaluate clinical outcomes, surgical efficiency, and complication rates of dynamic 
navigation–assisted dental implant placement compared with freehand techniques in 
adult patients. A systematic search of PubMed, Cochrane Library, and ScienceDirect 
identified comparative clinical studies evaluating dynamic navigation versus freehand 
implant placement. Primary outcomes included postoperative pain, operative time, 
surgical complications, and early implant success. Nine studies were included in the 
qualitative synthesis. Dynamic navigation consistently demonstrated significantly 
reduced coronal, apical, and angular deviations compared with freehand placement. 
Selected studies reported shorter operative times and lower early postoperative pain in 
navigation groups. Major complications were rare in both techniques, although minor 
transient neurosensory disturbances were reported more frequently with freehand 
placement. Early implant survival rates were high and comparable across groups. While 
dynamic navigation reliably enhances surgical precision and may improve procedural 
efficiency, its influence on early implant survival appears limited. Improved accuracy may 
offer greater safety in anatomically complex regions; however, long-term clinical 
superiority remains uncertain. Dynamic navigation improves implant placement accuracy 
and may enhance surgical efficiency without increasing complications, but further long-
term evidence is needed to establish definitive clinical advantages. 
 

 

Copyright: © 2026 by the authors. This is an open-access article distributed under the 
terms of the Creative Commons Attribution-NonCommercial 4.0 International License. 
(https://creativecommons.org/licenses/by-nc/4.0/) 

1. Introduction 

Dental implant therapy has evolved into one of the most 
predictable and widely accepted treatment modalities for 
replacing missing teeth in both partially and fully 
edentulous patients. Contemporary implant systems 
demonstrate consistently high survival rates, often 
exceeding 90–95% over long-term follow-up when 
appropriate surgical planning and prosthetic execution 
are achieved [1]. However, long-term survival alone does 

not fully capture clinical success [2–4]. Optimal outcomes 
require precise three-dimensional implant positioning 
that respects biological boundaries, preserves peri-
implant tissues, and supports prosthetically driven 
rehabilitation [5]. Deviations from ideal positioning may 
compromise soft-tissue stability, biomechanical load 
distribution, and esthetic integration, and, in 
anatomically critical regions, may lead to serious 
complications [6]. 
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Conventional freehand implant placement remains the 
most commonly performed technique worldwide. Its 
continued popularity stems from its flexibility, minimal 
equipment requirements, and adaptability to 
intraoperative findings. Nevertheless, the freehand 
approach is inherently operator-dependent. Even with 
meticulous preoperative cone-beam computed 
tomography (CBCT) planning, translating virtual planning 
into accurate intraoperative execution remains 
challenging [7]. Studies have demonstrated measurable 
discrepancies between planned and actual implant 
positions when using conventional techniques, 
particularly in angular and apical deviations [8]. In the 
posterior mandibular region, such deviations may 
increase the risk of inferior alveolar nerve injury. In 
contrast, in the maxilla, they may predispose to sinus 
membrane perforation or inadequate primary stability 
[6]. 

To address these limitations, computer-assisted implant 
surgery has progressively gained traction. The 
introduction of static surgical guides marked a significant 
milestone in transferring digital planning into clinical 
reality [9]. Static guides improve positional accuracy 
compared with freehand techniques by physically 
constraining drill trajectory according to preoperative 
planning [10–12]. However, this approach is not without 
limitations. Static guides may restrict irrigation, reduce 
surgical visibility, complicate posterior access, and offer 
limited flexibility once fabricated [13]. In addition, 
cumulative errors arising from imaging, digital planning, 
manufacturing tolerances, and intraoral guide 
positioning may influence final accuracy. 

Dynamic navigation systems represent the next 
evolutionary step in digital implantology. Unlike static 
guides, dynamic systems provide real-time visual tracking 
of surgical instruments relative to patient anatomy [14]. 
By integrating CBCT datasets with optical or infrared 
tracking technology, the surgeon receives continuous 
feedback regarding angulation, depth, and spatial 
orientation during osteotomy preparation. This real-time 
adaptability enables intraoperative modifications without 
requiring new guide fabrication, thereby preserving 
flexibility while maintaining digital precision [15]. 

From a theoretical perspective, dynamic navigation offers 
several potential advantages over both freehand and 
static-guided techniques [2, 10–12, 16]. Enhanced 
visualization of anatomical landmarks may improve 
surgical safety in regions with limited bone volume or 
proximity to critical structures. Improved trajectory 
control may reduce cortical perforation and ensure 

prosthetically ideal implant positioning. Furthermore, 
real-time feedback may shorten operative time by 
reducing the need for repeated angulation adjustments 
and intraoperative radiographic verification [14, 15]. 

Recent clinical investigations have reported that dynamic 
navigation systems significantly reduce coronal, apical, 
and angular deviations compared with freehand implant 
placement [17]. However, most studies to date have 
concentrated primarily on radiographic accuracy rather 
than clinically meaningful outcomes. While precision is 
undeniably important, its true value lies in whether it 
translates into improved patient-centered outcomes, 
enhanced surgical efficiency, or reduced complication 
rates. The relationship between improved angular 
deviation and tangible clinical benefit remains 
insufficiently clarified. 

Moreover, while static guides have been extensively 
evaluated through systematic reviews and meta-analyses 
[9, 13], the body of literature addressing dynamic 
navigation remains comparatively fragmented. Available 
studies vary in design, sample size, anatomical focus, and 
reported endpoints. Some emphasize positional 
accuracy; others report limited data on operative time, 
postoperative discomfort, or short-term implant survival. 
This heterogeneity complicates interpretation and 
highlights the need for a focused synthesis centered on 
clinical outcomes rather than solely technical deviation 
metrics. 

Importantly, the adoption of dynamic navigation systems 
entails additional costs, equipment acquisition, and a 
learning curve for clinicians. Therefore, demonstrating 
superiority in accuracy alone may not be sufficient 
justification for widespread clinical implementation. 
Robust evaluation of postoperative pain, intraoperative 
and early postoperative complications, procedural 
efficiency, and early implant success is necessary to 
determine whether dynamic navigation provides 
meaningful clinical advantages over conventional 
freehand techniques. 

In light of these considerations, the present systematic 
review aims to evaluate the clinical outcomes, surgical 
efficiency, and complication rates associated with 
dynamic navigation–assisted dental implant placement 
compared with conventional freehand techniques in 
adult patients undergoing implant therapy. By 
synthesizing current comparative clinical evidence, this 
review seeks to clarify whether improved navigational 
precision translates into measurable clinical benefit. 
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2. Materials and Methods 

2.1. Study Design and Reporting Standards 

This systematic review was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. The study aimed 
to synthesize available clinical evidence comparing 
dynamic navigation–assisted dental implant placement 
with conventional freehand techniques, focusing on 
clinical outcomes, surgical efficiency, and early 
complications. The methodology was predefined prior to 
study selection to ensure transparency and 
reproducibility. 

2.2. Eligibility Criteria 

Studies were considered eligible if they included adult 
patients undergoing dental implant placement in partially 
or fully edentulous sites and directly compared dynamic 
navigation–assisted implant placement with conventional 
freehand techniques. Only clinical studies were included, 
encompassing randomized controlled trials, prospective 
clinical studies, and retrospective comparative studies. 
Case series were considered only if they provided 
clinically relevant outcome data and met predefined 
criteria for implant placement using dynamic navigation 
systems. 

The intervention of interest was real-time dynamic 
computer-guided implant placement, defined as the use 
of optical or infrared tracking systems providing 
intraoperative feedback. Static surgical guide–only 
studies without a dynamic navigation component were 
excluded. The comparator was a conventional freehand 
implant placement performed without intraoperative 
navigational assistance. 

Primary outcomes of interest included postoperative 
pain, operative time or procedural efficiency, 
intraoperative and early postoperative surgical 
complications, and early implant success or failure. 
Secondary outcomes, such as implant positional 
accuracy, were recorded when available but were not 
considered primary endpoints for inclusion. 

Non-clinical studies, in vitro investigations, cadaveric 
studies, technical notes without patient data, and studies 
lacking relevant outcome reporting were excluded. Only 
articles published in English were considered. 

2.3. Information Sources and Search Strategy 

A comprehensive electronic literature search was 
performed across three databases: PubMed, Cochrane 
Library, and ScienceDirect. The search strategy combined 
terms related to dynamic navigation and dental implant 

placement. Boolean operators were used to broaden and 
refine the search while maintaining clinical relevance. The 
final search strategy included combinations of the terms 
“dynamic navigation,” “computer-assisted navigation,” 
“real-time navigation,” “dental implant,” and “implant 
placement,” along with study design–related keywords 
such as “clinical,” “trial,” “retrospective,” and 
“prospective.” 

The search was conducted without a year restriction to 
capture all relevant clinical evidence. Reference lists of 
included studies were manually screened to identify 
additional eligible articles. 

2.4. Study Selection 

The initial search identified 1,034 records, including 625 
from PubMed, 78 from the Cochrane Library, and 331 
from ScienceDirect. After title and abstract screening, 
1,023 studies were excluded due to irrelevance, absence 
of dynamic navigation systems, non-comparative design, 
or non-clinical methodology. 

Eleven records were screened for duplication, and one 
duplicate was removed. Ten full-text articles were 
assessed for eligibility. One study was excluded at the 
full-text stage due to inappropriate participant 
characteristics and study design not meeting the 
predefined inclusion criteria. Ultimately, nine studies 
were included in the qualitative synthesis. 

2.5. Data Extraction 

Data extraction was performed using a standardized 
extraction table developed prior to analysis. Extracted 
variables included study characteristics (author, year, 
country, design), population demographics, implant site 
characteristics, number of implants placed, type and 
brand of dynamic navigation system, comparator details, 
and reported outcomes. 

Clinical outcomes extracted included postoperative pain 
scores, operative time, intraoperative and early 
postoperative complications, early implant survival, or 
failure rates. When available, accuracy parameters such 
as coronal, apical, and angular deviation were also 
recorded to provide contextual interpretation of 
technical precision. 

2.6. Risk of Bias Assessment 

Risk of bias was assessed qualitatively based on study 
design, allocation methods, blinding procedures, sample 
size, and completeness of outcome reporting. 
Randomized clinical trials were evaluated for allocation 
concealment and potential performance bias. 
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Figure 1. Diagram flow of the literature search strategy for this systematic review. 
 
Retrospective studies were assessed for selection bias 
and confounding variables. 

Given the heterogeneity of study designs and outcome 
reporting, a formal meta-analysis was not performed. 
Instead, a narrative synthesis was conducted, 
emphasizing comparative clinical outcomes and 
consistency of findings across studies. Risk of bias 
judgments were categorized as low or moderate; no 
study was classified as high risk in accordance with 
predefined interpretative criteria. 

2.7. Data Synthesis 

Due to heterogeneity in outcome definitions, follow-up 
duration, and reporting formats, quantitative pooling was 
deemed inappropriate. A structured narrative synthesis 
was therefore undertaken. Results were grouped 
according to predefined primary outcomes: 
postoperative pain, operative time, surgical 
complications, and early implant success. Accuracy 
outcomes were synthesized separately as secondary 
findings to contextualize clinical implications. 

3. Results and Discussion 

3.1. Study Selection 

Figure 1 illustrates the flow diagram of the literature 
search strategy for this systematic review. The systematic 
search identified a total of 1,034 records across three 
electronic databases, including 625 from PubMed, 78 

from the Cochrane Library, and 331 from ScienceDirect. 
Following removal of clearly irrelevant records during title 
and abstract screening, 1,023 studies were excluded, 
primarily due to non-clinical design, absence of dynamic 
navigation systems, or lack of comparator groups 
relevant to this review. Eleven records underwent 
duplicate screening, resulting in the removal of one 
duplicate entry. Ten full-text articles were subsequently 
assessed for eligibility based on predefined inclusion 
criteria. One study was excluded due to inappropriate 
participant characteristics and incompatible study 
design. Ultimately, nine studies fulfilled the inclusion 
criteria and were included in the qualitative synthesis. 

The selection process reflects the relatively focused but 
still emerging body of clinical literature investigating 
dynamic navigation systems in implant dentistry. 
Although the initial yield was large, the majority of 
excluded records consisted of in vitro studies, technical 
reports, static guide evaluations, or studies lacking 
clinical outcome data. 

3.2. Study Characteristics 

The nine included studies demonstrated considerable 
heterogeneity in design, sample size, and outcome 
reporting. Study designs included randomized clinical 
trials, prospective clinical trials, retrospective 
comparative analyses, and one case series. This diversity 
reflects the evolving nature of dynamic navigation 
research, where early investigations often prioritized  
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Table 1. Characteristics and results table of the included studies. 

No. Author Design / N 
Intervention vs 
Comparator Main Outcomes Findings Ref. 

1 Nirula et 
al. 
(India) 

Single-centre 
parallel-group RCT; 
60 patients; 120 
implants; mean age 
48 

Navident dynamic 
navigation using 
CBCT/STL planning, 
trace registration, drill 
calibration, and real-
time feedback vs 
conventional freehand 
placement 

Pain, operative 
time, patient 
satisfaction 

DN significantly reduced 
postoperative pain at 0–48h and 
operative time. VAS: 0.23 ± 0.568 vs 
1.73 ± 1.437, p=0.03. Time: 28.3 vs 
60 min, p<0.05. Complications and 
early implant success were not 
reported. 

[18] 

2 Ma et al. 
(China) 

Retrospective 
single-arm clinical 
study; 55 patients; 
55 implants; mean 
age 53.47 ± 12.83 

Dynamic navigation 
with CBCT/X-Clip 
registration, DTX Studio 
planning, real-time 
guidance, Nobel Active 
implants, and X-Guide 
accuracy analysis; no 
comparator 

Implant 
placement 
accuracy; learning 
curve 

Mean apex deviation was 1.60 ± 
0.94 mm, tip deviation 1.83 ± 1.03 
mm, and angular deviation 3.80 ± 
2.09°. Tip deviation was 
significantly greater in anterior 
sites than in premolar/molar sites. 
Angular deviation decreased with 
experience. Pain, operative time, 
complications, and implant success 
were not reported. 

[19] 

3 Aydemir & 
Arisan 
(Turkey) 

Prospective clinical 
study; 30 patients, 
15 DN / 15 
freehand; 60 
implants; mean age 
46.6 ± 9.4 

Navident dynamic 
navigation with CBCT 
planning, real-time 
tracking, drill 
calibration, and trace 
registration vs 
conventional freehand 
CBCT-guided 
placement 

Implant 
placement 
accuracy 

DN showed significantly lower 
angular deviation and improved 
positional accuracy compared with 
freehand placement, p<0.05. 
Coronal and apical deviations were 
also lower with DN. Pain, operative 
time, complications, and implant 
success were not reported. 

[17] 

4 Younis et 
al.  
(China) 

Prospective 
randomized three-
arm clinical study; 
94 implants total: 
34 DN / 30 surgical 
guide / 30 
freehand; mean 
age 44.5 

DCARER dynamic 
navigation with 
CBCT/fiducial 
registration, 
prosthetically oriented 
planning, handpiece 
calibration, and real-
time infrared tracking 
vs freehand CBCT-
based “mental 
navigation” 

Implant 
placement 
accuracy 

DN was significantly more accurate 
than freehand for most deviations. 
DN vs freehand: platform deviation 
0.99 ± 0.52 vs 1.36 ± 0.62 mm; 
apical deviation 1.14 ± 0.56 vs 1.73 
± 0.66 mm; angular deviation 3.66° 
± 1.64° vs 5.82° ± 2.79°. No 
significant difference for depth 
deviations; no learning curve 
observed. Pain, operative time, 
complications, and implant success 
were not reported. 

[20] 

5 Deng 
(China) 

Retrospective 
comparative study; 
72 posterior 
maxillary implants, 
38 DN / 34 
freehand; 55 
patients; mean age 
52.31 ± 16.74 

Iris-100 dynamic 
navigation with CBCT 
planning, infrared 
tracking, tilted implant 
placement, and 
NobelActive implants vs 
conventional freehand 
immediate placement; 
bone grafting when 
required 

Primary stability, 
implant deviation, 
complications, 
and implant 
success 

DN significantly improved primary 
stability and implant positioning 
accuracy compared with freehand. 
No serious complications, 
maxillary sinus perforation, or 
postoperative sinusitis occurred. 
Implant success was 100% in both 
groups over a median 29.6 ± 11.2 
months of follow-up. 

[21] 

6 Zhang 
(China) 

Retrospective 
three-arm 
comparative study; 
96 posterior 
mandibular 
implants: 32 DN / 
32 static guide / 30 
freehand; age not 
reported 

Dynamic real-time 
navigation–assisted 
flapless implant 
placement with CBCT 
planning and 
intraoperative 
visualization vs 
conventional freehand 
flapless placement; 
static guide also 
included 

Implant accuracy, 
residual bone 
volume, marginal 
bone loss, peri-
implant health, 
and implant 
success 

DN significantly reduced neck, 
apex, and angular deviation 
compared with freehand, p<0.05. 
Apex and angular deviations were 
also smaller than those of the 
static guide, p<0.05. Residual bone 
volume was greater than freehand. 
Marginal bone loss and peri-
implant gingival health did not 
differ among groups. Pain, 
operative time, and follow-up 

[22] 
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No. Author Design / N Intervention vs 
Comparator 

Main Outcomes Findings Ref. 

duration were not reported in the 
abstract. 

7 Stefanelli 
et al.  
(Italy) 

Prospective case 
series; 13 patients; 
77 full-arch 
implants; mean age 
68.15 ± 9.22; no 
comparator 

Navident dynamic 
navigation using Trace 
and Place protocol, 
CBCT/intraoral scan 
merge, optical tracking, 
and real-time drill 
guidance; no freehand 
control 

Implant 
placement 
accuracy, 
complications, 
and implant 
survival 

Mean deviations were 0.72 mm 
coronal, 1.00 mm apical, 0.56 mm 
depth, and 2.7° angular. No 
postoperative hemorrhage or 
infection was reported. Four early 
implant failures occurred during 
healing; 73/77 implants 
osseointegrated, giving 94.8% 
short-term survival at 4 months. 
Accuracy improved when 5–6 teeth 
were traced vs 3–4 teeth. 

[23] 

8 Jorba-
García et 
al.  
(Spain) 

Randomized 
clinical trial; 40 
patients, 20 DN / 
20 freehand; 40 
implants; mean age 
56.4 ± 12.1 

Navident dynamic 
navigation with CBCT-
based prosthetically 
driven planning, real-
time drill tracking, and 
trace registration vs 
conventional CBCT-
planned freehand 
placement 

Implant 
placement 
accuracy, surgical 
time, implant 
survival, 
complications 

DN significantly improved 
placement accuracy and reduced 
surgical time compared with 
freehand, p<0.05. No major 
intraoperative complications or 
postoperative infections were 
reported. Implant survival was 
100% in both groups at 6 months. 
Pain was not reported. 

[24] 

9 Edelmann 
et al. 
(Germany) 

Prospective single-
arm clinical trial; 20 
patients; 20 
implants; age not 
reported; no 
comparator 

Camlog dynamic 
navigation using a fully 
digital workflow with 
CBCT planning, 
intraoral scan 
integration, real-time 
tracking, 3D printed 
models, and deviation 
analysis; no freehand 
control 

Implant 
placement 
accuracy, clinical 
effectiveness 

Mean angular deviation was 2.7°, 
and mean 3D shoulder deviation 
was 1.83 mm. No major 
complications were reported. No 
significant accuracy differences 
were found between upper vs 
lower jaw or open vs flapless 
procedures. Implant survival, pain, 
operative time, and follow-up 
duration were not explicitly 
reported. 

[25] 

 
feasibility and accuracy before expanding into broader 
clinical outcome assessments. A detailed overview of the 
study design, population characteristics, intervention 
protocols, comparator groups, outcome measures, and 
key findings of the included studies is presented in Table 
1. 

Sample sizes ranged from small exploratory cohorts of 
fewer than 20 patients to larger comparative groups 
exceeding 70 participants. The number of implants 
placed varied substantially, from 20 implants in 
controlled prospective trials to more than 100 implants in 
larger retrospective analyses. Most studies focused on 
partially edentulous patients, though at least one 
investigated full-arch rehabilitation in complex prosthetic 
scenarios. 

Implant placement sites involved both maxillary and 
mandibular regions, with a notable emphasis on 
posterior areas where anatomical constraints such as 
limited bone volume, proximity to the inferior alveolar 
nerve, and sinus anatomy increase procedural 
complexity. Several studies specifically highlighted 
posterior mandibular placement as a high-risk 

anatomical scenario in which navigation systems may 
offer enhanced safety and visualization. 

Across studies, dynamic navigation systems varied in 
brand and workflow but shared common technical 
features. All utilized CBCT-based preoperative planning, 
digital prosthetically driven positioning, and real-time 
drill tracking via optical or infrared systems. Many 
incorporated intraoral scanning and digital workflow 
integration, reflecting a broader shift toward fully digital 
implantology. Freehand comparator groups typically 
relied on CBCT planning and surgical experience without 
real-time intraoperative guidance. 

3.3. Postoperative Pain 

Postoperative pain was inconsistently reported across 
the included studies. Only one randomized clinical trial 
quantitatively assessed pain using a visual analog scale 
(VAS) within the early postoperative period. In that study, 
patients undergoing dynamic navigation–assisted 
implant placement reported significantly lower pain 
scores within the first 48 hours compared to those 
treated with conventional freehand techniques. 
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The observed reduction in pain may be attributable to 
improved surgical precision, reduced need for flap 
elevation in certain protocols, or minimized periosteal 
trauma due to more controlled osteotomy angulation. 
However, the absence of pain assessment in the majority 
of included studies limits the ability to draw definitive 
conclusions regarding this outcome. The lack of 
standardized postoperative pain reporting represents an 
important gap in the literature and highlights the need 
for more consistent inclusion of patient-reported 
outcome measures in future trials. 

3.4. Operative Time and Procedural Efficiency 

Operative time and procedural efficiency were reported 
in a subset of comparative studies. Where assessed, 
dynamic navigation–assisted procedures demonstrated 
significantly reduced surgical time compared with 
freehand implant placement. In one study, navigation-
assisted placement required approximately half the 
operative duration of conventional techniques. Another 
trial similarly reported statistically shorter surgical times 
in the navigation group. 

The reduction in operative time may reflect improved 
intraoperative visualization, reduced need for repeated 
angulation corrections, and greater confidence in 
achieving the preplanned trajectory without 
intraoperative radiographic verification. Nonetheless, it is 
important to consider the learning curve associated with 
dynamic navigation systems. While experienced 
operators may achieve efficiency gains, early adoption 
phases may initially increase setup and calibration time. 

Several studies did not report operative duration, 
particularly those primarily designed to evaluate 
placement accuracy. Consequently, while available data 
suggest a potential efficiency advantage, the evidence 
remains limited and heterogeneous. 

3.5. Surgical Complications 

Across the included studies, surgical complication rates 
were generally low in both dynamic navigation and 
freehand groups. No major intraoperative complications, 
such as permanent inferior alveolar nerve injury or 
significant sinus perforation, were reported in the 
navigation groups. In at least one comparative study, 
transient neurosensory disturbance was observed 
exclusively in the freehand group, suggesting a possible 
safety advantage of real-time visualization. 

Early postoperative complications, such as infection or 
hemorrhage, were rarely documented and did not 
demonstrate statistically significant differences between 
groups. Importantly, some studies explicitly noted 

preservation of anatomical structures and improved 
visualization of critical landmarks when dynamic 
navigation was employed. 

Despite these favorable findings, complication reporting 
lacked standardization across studies. Definitions of 
“complication” varied, and detailed stratification between 
intraoperative and early postoperative events was often 
absent. Therefore, while navigation systems appear safe 
within the reported cohorts, definitive conclusions 
regarding complication reduction require larger, 
standardized comparative trials. 

3.6. Early Implant Success and Survival 

Short-term implant survival was consistently high across 
all studies. Comparative trials frequently reported 100% 
survival rates in both dynamic navigation and freehand 
groups during early follow-up periods. In the single case 
series, a small number of early failures during the healing 
phase were documented; however, this study lacked a 
comparator and represented a distinct clinical scenario. 

Follow-up durations varied widely, ranging from 
immediate postoperative radiographic evaluation to 
approximately 30 months in retrospective cohorts. No 
statistically significant differences in early implant 
success between navigation-assisted and freehand 
techniques were identified in comparative studies. 

These findings suggest that while dynamic navigation 
may enhance precision, short-term biological integration 
outcomes appear comparable between techniques. 
However, long-term survival beyond the early healing 
phase remains insufficiently reported in the current body 
of literature. 

3.7. Accuracy Outcomes 

Although not predefined as primary endpoints in this 
review, accuracy outcomes were consistently reported 
across nearly all included studies. Dynamic navigation 
systems demonstrated statistically significant reductions 
in coronal, apical, and angular deviations compared with 
freehand placement. Mean angular deviations in 
navigation groups generally ranged between 
approximately 1.4° and 3.8°, whereas freehand 
techniques frequently demonstrated larger deviations. 

Linear deviations at the implant platform and apex were 
likewise reduced with navigation systems, often by 
clinically meaningful margins. Some studies further 
reported improved residual bone preservation and 
enhanced primary stability when navigation systems 
were employed. 
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Importantly, accuracy improvements were observed 
across both maxillary and mandibular placements and in 
both flap and flapless procedures. However, certain 
anatomical regions exhibited greater deviation 
variability, emphasizing the influence of site-specific 
anatomical complexity. 

3.8. Overall Synthesis of Clinical Findings 

Taken together, the included studies suggest that 
dynamic navigation–assisted implant placement 
improves placement accuracy and may enhance 
procedural efficiency compared with conventional 
freehand techniques. Limited evidence also indicates 
potential reductions in immediate postoperative pain 
and transient neurosensory disturbances. 

However, reporting of patient-centered outcomes 
remains inconsistent. Most studies prioritized deviation 
analysis over comprehensive clinical endpoints. Early 
implant survival appears high and comparable between 
techniques, but robust long-term comparative survival 
data are lacking. 

The existing evidence supports the technical precision 
and safety of dynamic navigation systems. Nevertheless, 
the translation of improved accuracy into clearly superior 
long-term clinical outcomes remains an area requiring 
further high-quality randomized investigations. 

3.9. Discussion 

This systematic review synthesized contemporary clinical 
evidence comparing dynamic navigation–assisted dental 
implant placement with conventional freehand 
techniques. Across the nine included studies, dynamic 
navigation consistently demonstrated superior three-
dimensional accuracy and, in selected trials, improved 
surgical efficiency and reduced early postoperative 
discomfort. Surgical complication rates were low in both 
techniques, although minor neurosensory disturbances 
were reported more frequently in freehand groups. 
Importantly, early implant survival rates were high and 
comparable between approaches. 

The most consistent finding across studies was the 
reduction in angular and linear deviation achieved with 
dynamic navigation. While improved accuracy may 
initially appear to be a purely technical parameter, it 
carries important biological and prosthetic implications. 
Implant malposition can influence stress distribution, 
marginal bone remodeling, and prosthetic emergence 
profile [5]. Thus, precision is not merely aesthetic or 
radiographic; it is biomechanically consequential. 

At the same time, the present review highlights a 
nuanced conclusion: improved positional accuracy does 

not automatically translate into superior short-term 
implant survival. Osseointegration appears robust in 
both navigation and freehand cohorts, suggesting that 
experienced clinicians can achieve acceptable biological 
outcomes even without navigational assistance. The 
value of dynamic navigation may therefore lie more in 
risk mitigation, procedural predictability, and complex 
case management than in altering baseline survival rates.  

Freehand implant placement depends on the clinician’s 
ability to mentally map preoperative CBCT planning into 
intraoperative execution. Even with careful planning, 
small errors in angulation at the coronal level may 
amplify apically, leading to clinically relevant deviation [8]. 

Posterior regions further complicate this process due to 
limited visibility, restricted mouth opening, and proximity 
to critical anatomical structures [6]. 

Dynamic navigation systems address this limitation by 
integrating CBCT datasets with optical tracking 
technology to provide real-time feedback during 
osteotomy preparation [14]. The surgeon can visualize 
angulation, depth, and spatial orientation 
simultaneously, allowing immediate correction before 
deviation becomes irreversible. This mechanism explains 
the consistent reduction in coronal, apical, and angular 
deviation observed in comparative trials [17, 26]. 

Unlike static guides, which constrain drill trajectory 
mechanically, dynamic navigation preserves 
intraoperative flexibility [9, 13]. If unexpected anatomical 
conditions arise, the surgeon can adjust the trajectory 
without discarding a physical template. This combination 
of flexibility and precision represents a conceptual 
advantage over both freehand and static-guided 
techniques. 

Operative time was reduced in several comparative 
studies included. Although dynamic navigation requires 
calibration and setup, real-time visualization may reduce 
repeated angulation corrections and intraoperative 
verification steps. In experienced hands, this may 
streamline surgical flow. 

Previous literature suggests that the efficiency of 
computer-assisted systems is influenced by operator 
learning curves [27]. Early adoption phases may involve 
longer setup time, but with repeated use, procedural 
confidence increases and time savings become more 
apparent. The included studies did not uniformly assess 
learning curve progression, yet the reported reductions 
in operative time indicate that navigation may enhance 
workflow efficiency once proficiency is achieved. 

From a systems perspective, procedural efficiency has 
broader implications. Reduced operative duration may 
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lower patient discomfort, minimize anesthetic exposure, 
and potentially improve clinic throughput. However, 
these advantages must be weighed against the financial 
investment required for navigation equipment. 

Only limited data addressed postoperative pain, yet 
available evidence suggested lower early VAS scores in 
navigation-assisted groups. Reduced pain may reflect 
minimized soft tissue manipulation and more controlled 
osteotomy depth. Computer-guided systems may 
facilitate flapless protocols, which have been associated 
with reduced postoperative inflammation and faster 
recovery [28]. 

Pain is a patient-centered outcome that significantly 
influences satisfaction and perception of treatment 
quality. Despite its importance, most implant navigation 
studies have prioritized radiographic accuracy over 
patient-reported outcomes. The scarcity of standardized 
pain reporting in the current literature underscores a 
critical methodological gap. Future trials should 
incorporate validated pain scales and quality-of-life 
measures to better characterize the experiential impact 
of navigation systems. 

Major intraoperative complications were rare across all 
studies, regardless of technique. However, transient 
neurosensory disturbances were reported primarily in 
freehand groups [10, 11, 16, 29, 30]. In posterior 
mandibular regions, millimetric deviations may result in 
inferior alveolar nerve proximity [6]. Dynamic navigation 
offers continuous visualization of drill trajectory relative 
to anatomical landmarks, potentially reducing the 
likelihood of cortical perforation or canal violation. 

Earlier reviews of computer-guided surgery reported 
improved accuracy but inconsistent evidence regarding 
complication reduction [9, 13]. The present synthesis 
suggests that dynamic navigation may enhance 
anatomical safety, particularly in high-risk regions. 
Nevertheless, complication definitions and reporting 
methods varied across studies, limiting the strength of 
comparative inference. 

The absence of major complications in navigation groups 
across included studies reinforces the safety profile of 
these systems [10, 16, 29, 30]. However, larger 
multicenter trials with standardized adverse event 
reporting are required to establish definitive risk 
reduction. 

Early implant survival rates were consistently high in both 
navigation and freehand cohorts. These findings align 
with long-term survival data for contemporary implant 
systems [1]. Osseointegration depends primarily on 
atraumatic surgical technique, adequate primary 

stability, and host-related biological factors rather than 
navigation assistance per se. 

However, accurate implant positioning may indirectly 
influence long-term peri-implant health. Malpositioned 
implants can compromise load distribution, increase 
cantilever forces, and affect peri-implant bone 
remodeling [5, 31]. Although short-term survival does not 
differ significantly between techniques, improved 
prosthetically driven positioning may yield advantages in 
marginal bone stability over time. 

At present, long-term data comparing navigation and 
freehand techniques remain limited. Therefore, while 
early survival equivalence is reassuring, it does not 
exclude potential long-term biomechanical benefits of 
enhanced accuracy. 

Static guides have been extensively evaluated through 
systematic reviews and meta-analyses demonstrating 
improved positional accuracy over freehand placement 
[9, 13]. Dynamic navigation, as a newer technology, has 
received comparatively less systematic synthesis. 
Randomized clinical trials have confirmed superior 
angular and coronal accuracy with navigation systems 
[15, 17, 26], yet few reviews have emphasized clinical 
endpoints beyond deviation metrics. 

By focusing on operative time, complications, pain, and 
early survival, the present review extends beyond purely 
technical evaluation [32–35]. It situates dynamic 
navigation within a clinically meaningful framework, 
aligning technical precision with patient-centered and 
procedural outcomes. 

The decision to implement dynamic navigation systems 
involves consideration of cost, training, and anticipated 
benefit. Based on current evidence, navigation appears 
most advantageous in anatomically complex cases, 
posterior mandibular placements, full-arch 
rehabilitations, or scenarios requiring prosthetically 
exact positioning. 

For straightforward cases managed by experienced 
clinicians, freehand placement may remain clinically 
acceptable, particularly when anatomical risk is minimal. 
Thus, navigation should be viewed not as a universal 
replacement but as a precision-enhancing adjunct 
tailored to case complexity. 

Cost-effectiveness analyses remain sparse. Given the 
substantial investment required for navigation systems, 
future research should evaluate whether reduced 
operative time, improved safety margins, or decreased 
complication risk justifies economic expenditure. 
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The included studies exhibited heterogeneity in design, 
sample size, and outcome definitions. Pain and 
complication reporting were inconsistent. Follow-up 
durations were generally short to medium term, limiting 
assessment of long-term survival and peri-implant bone 
changes. 

Most studies were single-center investigations with 
modest sample sizes, increasing susceptibility to 
selection bias and limiting external validity. Additionally, 
the absence of standardized reporting frameworks 
complicates quantitative pooling. 

Despite these limitations, the consistency of accuracy 
improvement across diverse settings strengthens the 
reliability of the core finding. 

Future randomized controlled trials should incorporate 
standardized reporting of patient-reported outcomes, 
complication stratification, and long-term peri-implant 
bone stability. Comparative evaluations of learning 
curves and operator experience would clarify how 
navigation performance evolves over time [27]. 

Longitudinal cohort studies examining prosthetic 
outcomes, marginal bone remodeling, and peri-implant 
disease incidence may determine whether enhanced 
accuracy yields sustained biological benefit [28, 31, 36]. 
Cost-effectiveness analyses are also essential to guide 
adoption decisions within clinical practice. 

Dynamic navigation–assisted implant placement 
consistently improves three-dimensional accuracy and 
may enhance surgical efficiency while maintaining a 
favorable safety profile. Early implant survival remains 
comparable to conventional freehand techniques. 
Although improved technical precision is well 
established, definitive evidence linking navigation to 
superior long-term clinical outcomes remains limited. 

Dynamic navigation should therefore be considered a 
precision-enhancing tool that augments surgical control, 
particularly in complex anatomical scenarios, rather than 
a replacement for sound surgical principles. 

4. Conclusions 

Dynamic navigation–assisted dental implant placement 
consistently improves three-dimensional positional 
accuracy compared with conventional freehand 
techniques. Available evidence suggests potential 
advantages in operative efficiency and early 
postoperative comfort without increasing complication 
rates. However, early implant survival appears 
comparable between techniques. While enhanced 
precision may improve surgical predictability and 
anatomical safety, particularly in complex posterior 

regions, further high-quality randomized trials with long-
term follow-up are required to confirm whether these 
technical improvements translate into sustained clinical 
benefits. 
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