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Introduction

Severe maxillary atrophy presents a substantial challenge in
implant rehabilitation. Advanced resorption, sinus
pneumatization, and reduced bone quality often preclude the
placement of standard-length implants without bone grafting
procedures [1,2]. In scenarios, where bone augmentation
procedures are limited, contraindicated, or declined by
patients, zygomatic and short implants (<8 mm) present graftless
alternatives for full-arch rehabilitation [3,4]. Zygomatic implants
engage the dense cortical bone of the zygoma to bypass
posterior maxillary deficiency, while short implants utilize residual
alveolar bone height to avoid vertical augmentation [4]. Given
the anatomical complexity of the atrophic maxilla, especially
the extended trajectory required for zygomatic implant
placement, high surgical accuracy is essential to minimize the
risk of sinus, orbital, or soft tissue complications and to ensure
accurate, prosthetically driven positioning [5]. Computer-
assisted guidance systems, including static and dynamic
navigation, and robotic technologies, have been developed to
enhance the accuracy of implant placement procedures [6-8].
However, fully edentulous maxillae remain challenging due to
limited guide support, reduced anatomical reference structures,
and potential instability during surgery [7-10].
This systematic review evaluates the accuracy and clinical
outcomes of guided versus freehand implant placement
protocols in fully edentulous maxillae restored with zygomatic or
short (<8 mm) implants.
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Materials & Methods

This systematic review was conducted in accordance with PRISMA guidelines and addressed following PICO-formulated 
focus question: In patients with a fully edentulous maxilla receiving a complete implant-supported maxillary prosthesis on 
zygomatic or short (<8 mm) implants (P), do statically or dynamically guided implant placement protocols (I) compared to 
freehand implant placement protocols (C) impact implant placement accuracy (O)?
A comprehensive electronic search of PubMed/MEDLINE, Embase, Web of Science and the Cochrane Central was
performed. Randomized controlled clinical trials (RCT), prospective and retrospective clinical studies, comparative and
non-comparative studies, case series with at least 10 patients and in-vitro studies, all evaluating fully edentulous patients
who will receive implant-supported restorations in the maxilla on zygomatic or short implants, and reporting the used
implant placement protocol (freehand, guided (static and dynamic), robotic) and accuracy outcomes, were included.
Two independent reviewers screened titles, abstracts, and full texts according to predefined eligibility criteria. Data
extraction was performed independently by two reviewers and included study design, implant characteristics, surgical
protocol, guide support type, and accuracy measures (coronal deviation, apical deviation, and angular deviation).
Implant survival and complications were also recorded when available. The primary outcome was implant placement
accuracy; secondary outcomes included survival and complication rates.
Due to heterogeneity in study designs and outcome reporting, a qualitative synthesis was performed. Risk of bias was 
assessed independently by two reviewers using RoB 2 for randomized trials, ROBINS-I for non-randomized clinical studies, 
and a modified appraisal framework for in vitro and cadaver studies.
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This systematic review was conducted in accordance with PRISMA guidelines and addressed a PICO-formulated question evaluating whether statically or dynamically guided implant 
placement protocols, including robotic assistance, improve accuracy compared with freehand placement in fully edentulous maxillae restored with zygomatic or short (<8 mm) implants.

A comprehensive electronic search of PubMed/MEDLINE, Scopus, and the Cochrane Library was performed without study design restrictions. Two independent reviewers screened titles, 

abstracts, and full texts according to predefined eligibility criteria. Of 418 identified records, 74 full-text articles were assessed, and 21 studies met the inclusion criteria. Eligible studies 
included fully edentulous maxillae restored with zygomatic or short implants and reported implant placement protocol and quantitative accuracy outcomes.

Data extraction was performed independently by two reviewers and included study design, implant characteristics, surgical protocol, guide support type, and accuracy measures (coronal 

deviation, apical deviation, and angular deviation). Implant survival and complications were also recorded when available. The primary outcome was implant placement accuracy; 
secondary outcomes included survival and complication rates.

Due to heterogeneity in study designs and outcome reporting, a qualitative synthesis was performed. Risk of bias was assessed independently by two reviewers using RoB 2 for randomized 
trials, ROBINS-I for non-randomized clinical studies, and a modified appraisal framework for in vitro and cadaver studies.

Results
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Results
• Guided implant placement improved positional
accuracy compared with freehand techniques

• Overall pooled deviations: Entry 2.27 mm, Exit 2.58
mm, Angular 3.23°

• Static surgical guides showed the most consistent
clinical accuracy
Entry ≈1.44 mm, Exit ≈1.01 mm, Angular ≈2.17° (Mean

values)

• Dynamic navigation systems demonstrated moderate
accuracy with greater angular deviation

• Robotic-assisted systems achieved the highest
precision (Entry ≈0.57 mm, Angular ≈0.91°), though

evidence remains limited

• Implant survival rates: 92–100% across studies

• Follow-up periods: 72 hours to 5 years

• Complications were infrequent, including isolated
cases of maxillary sinusitis, Schneiderian membrane

perforation, and implant failure

• 90.5% of studies demonstrated moderate to high risk

of bias with significant methodological heterogeneity
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Conclusion

➢Static surgical guides demonstrated superior and most consistent accuracy
across studies

➢Robotic-assisted systems show highest precision but require validation
through larger clinical trials

➢Dynamic navigation offers real-time feedback and adaptability, valuable

for complex cases

➢All guidance modalities achieved high implant survival rates (92-100%)

➢Guided surgery recommended for complex cases, less experienced

surgeons, or situations requiring optimal prosthetic positioning

➢Surgical guides are adjuncts to, not replacements for, sound surgical
technique and anatomical knowledge

➢Evidence quality is moderate - limited by few RCTs and high proportion of in
vitro studies

➢Future research priorities: Well-designed RCTs with long-term follow-up,

standardized outcome reporting, cost-effectiveness analyses

References

[1] K.A. Apaza Alccayhuaman, D. Soto-Pen ̃aloza, Y. Nakajima, S.N. Papageorgiou,
D. Botticelli, N.P. Lang, Biological and technical complications of tilted implants in comparison with straight implants 
supporting fixed dental prostheses. A systematic review and meta-analysis, Clin. Oral Implants Res. 29 (2018) 295–308, 
https://doi. org/10.1111/CLR.13279. 
[2] H.B.Nielsen,S.Schou,F.Isidor,A.E.Christensen,T.Starch-Jensen,Shortimplants (≤8 mm) compared to standard length 
implants (>8 mm) in conjunction with 
Journal of Dentistry 155 (2025) 105620 
maxillary sinus floor augmentation: a systematic review and meta-analysis, Int. J. Oral Maxillofac. Surg. 48 (2019) 239–249, 
https://doi.org/10.1016/J. IJOM.2018.05.010. 
[3] F. Pieri, G. Lizio, A. Bianchi, G. Corinaldesi, C. Marchetti, Immediate loading of dental implants placed in severely 
resorbed edentulous maxillae reconstructed with Le Fort I osteotomy and interpositional bone grafting, J. Periodontol. 83 
(2012) 963–972, https://doi.org/10.1902/JOP.2012.110460. 
[4] R. Davo ́, P. Felice, R. Pistilli, C. Barausse, C. Marti-Pages, A. Ferrer-Fuertes, et al., Immediately loaded zygomatic implants 
vs conventional dental implants in augmented atrophic maxillae: 4 months post-loading results from a multicentre
randomised controlled trial, Eur. J. Oral Implantol. 11 (2018) 145–161. PMID29806663. 
[5] P.H. da Hora Sales, M.V.S.W. Gomes, O.B. de Oliveira-Neto, F.J.C. de Lima, J.
C. Lea ̃o, Quality assessment of systematic reviews regarding the effectiveness of zygomatic implants: an overview of 
systematic reviews, Med. Oral Patol. Oral Cir. Bucal. 25 (2020) e541–e548, https://doi.org/10.4317/MEDORAL.23569. 
[6] S. Fan, G. S ́aenz-Ravello, L. Diaz, Y. Wu, R. Davo ́, F. Wang, M. Magic, B. Al-Nawas, P.W. K ̈ammerer, The accuracy of 
zygomatic implant placement assisted by dynamic computer-aided surgery: a systematic review and meta-analysis, J. Clin. 
Med. 12 (2023) 5418, https://doi.org/10.3390/JCM12165418. 
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