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Abstract

Introduction: Oral implantology, a modern approach to rehabilitating edentulous patients,
has advanced significantly with digital technologies, notably computer-guided surgery.
This technique is considered precise and predictable. However, it is essential to assess
this technique from the patient’s perspective, focusing on its impact on quality of life
and satisfaction. Methods: A literature search was conducted in PubMed, Embase, and
CINAHL up to January 2025. Clinical trials and case series studies were included. Studies
conducted on partially or fully edentulous patients were selected for inclusion. The studies
included static or dynamic guided oral implant treatments, as well as conventional treat-
ments, and evaluated patient-reported outcomes, specifically perceived satisfaction and
quality of life. A qualitative synthesis of the findings was performed, and the quality of the
included studies was assessed using the Newcastle-Ottawa Scale (NOS). Results: A total
of twelve studies were included. The most commonly used questionnaires for evaluation
were the Visual Analog Scale (VAS), Oral Health-Related Quality of Life (OHQoL), and
Oral Health Impact Profile (OHIP). Computer-guided implantology appears to be a valid
and predictable technique for dental implant placement. It is associated with a reduced
intraoperative and postoperative pain. Some studies, however, did not identify significant
differences compared with conventional implant surgery. Conclusions: Guided oral im-
plantology is a viable option for oral rehabilitation in edentulous patients, offering benefits
in surgical precision, pain reduction, and patient experience. Its effects on surgical time
and overall patient satisfaction, however, warrant further investigation.

Keywords: diagnostic; guided implantology; patient perception; satisfaction; quality of life;
computer-assisted implant surgery; dynamic navigation

1. Introduction

Healthcare has undergone a paradigm shift towards a patient-centered approach [1].
This shift has led to a broad consensus, across researchers and clinical dental practice,
on integrating assessments of oral health status from the patient’s perspective [2]. This
approach not only deepens understanding of patients’ needs and concerns but also supports
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the development of more effective and personalized strategies for dental care. Patient-
reported outcomes primarily assess the of oral health on daily life and oral health-related
quality of life (OHRQoL), and they also measure patient satisfaction with oral health status,
offering a more comprehensive view of overall well-being [3].

Edentulism profoundly impairs patient’s quality of life. It affects millions worldwide
and is classified as a chronic disease that poses a major challenge for dental rehabilitation
(International Classification of Functioning, Disability and Health (ICF) [4].

Approximately 50 years ago, osseointegrated implants were introduced as a treatment
option for edentulous patients who experienced difficulties with conventional complete
dentures. Such prostheses were associated with higher rates of alveolar bone resorption
and biomechanical problems, including poor retention and stability, that can compromise
masticatory efficiency. Moreover, their limited aesthetic properties rendered them less
psychologically acceptable to patients [5,6].

In this context, the introduction of dental implants marked a milestone in the evolution
of oral rehabilitation in clinical practice. Today, implant placement is among the most
reliable and predictable treatment options for edentulism, offering an alternative that not
only improves bone and masticatory function but also addresses patient needs for comfort,
aesthetics, phonetics, stability, and prosthesis retention [7,8].

Over the past decade, the digital revolution, driven by continuous technological
advancement and innovation, has profoundly transformed dental practice through the
integration of 3D technologies for diagnosis and treatment planning. These include intraoral
scanners, facial scanners, cone-beam computed tomography (CBCT), 3D printers, and
CAD/CAM (computer-aided design/computer-assisted manufacturing) milling machines.

Enabled by these technologies, computer-guided surgery emerged in oral implantol-
ogy as an innovative approach that has reshaped contemporary practice. It has driven
a shift from conventional procedures to highly specialized techniques that enhance the
precision and safety of implant placement, resulting in significantly higher survival rates.
Virtual planning focuses not only on optimizing implant positioning but also on meeting
prosthetic requirements and considerations [9].

These aforementioned techniques include static computer-assisted implant surgery
(s-CAIS) and dynamic computer-assisted implant surgery, also known as dynamic nav-
igation (d-CAIS) which can sometimes include robotic computer-aided implant system
(r-CAIS) [10-12]. Static systems use laboratory-fabricated surgical guides, produced by
milling or CAD/CAM-based stereolithography. By contrast, dynamic systems provide
real-time navigation that visualizes the drill’s position relative to patient anatomy, enabling
controlled, guided drilling in accordance with the preoperative surgical plan [13].

Given the growing interest in computer-guided implantology, and despite numerous
studies addressing its clinical success, it is essential to systematically evaluate how these
techniques influence patient perception, including quality of life, satisfaction, and psycho-
logical well-being, all of which contribute to the overall outcome of the treatment [14].

This study aims to analyze the existing literature on patient-reported outcomes of
computer-guided oral implantology treatments, including quality of life and
treatment satisfaction.

2. Materials and Methods

A systematic literature review was conducted in accordance with PRISMA 2020 (Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses) standards [14,15].

On 30 May 2025, a literature search was carried out in the biomedical databases
PubMed (Medline), Embase, and CINAHL. The search combined keywords and MeSH
" oral implantology,”

i

terms: “guided dental implants,” “computer-assisted dental surgery,
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“patient perception,
operators “OR” and “AND.” In addition, reference lists of the included studies were
manually reviewed.

psychological implications,” and “quality of life” using the Boolean

Articles published in peer-reviewed journals were eligible if they met the following
PECOS criteria: Population, Exposure, Comparison, Outcome, Study Design.

(a) Population: studies conducted on adults (18 years and older) who were partially
or completely edentulous; (b) Exposure: studies including patients who received static
or dynamic computer-guided oral implantology treatment; (c) Comparison: studies that
included patients who received conventional implant treatments and/or specific tech-
niques of computer-guided surgery: static computer-assisted implant surgery (s-CAIS)
and dynamic navigation (d-CAIS) (d) Outcome: patient-perception measures, specifically
satisfaction and quality of life, including variables such as esthetics, comfort, masticatory
function, phonetics, surgical time, oral hygiene, and intra- and postoperative pain; (e) Study
Design: randomized clinical trials and case series studies.

Studies were excluded if they lacked a comparison group using computer-guided
implantology techniques, included populations receiving prior psychological/psychiatric
treatments that could influence results, or evaluated only guided implantology in overden-
tures. Systematic and narrative reviews were excluded. Conference abstracts, editorials,
commentaries, and in vitro or cadaveric studies were also not considered.

2.1. Selection and Data Extraction

Study selection and data extraction were performed independently by two researchers.
After removing duplicates, titles and abstracts were screened against the inclusion and
exclusion criteria; potentially eligible records underwent full-text review. Any discrepancies
were resolved through discussion, with adjudication by a third reviewer when necessary.

Once the final set of studies was identified, two authors independently extracted data
using a prespecified, piloted extraction form adapted from the STROBE checklist [16]. A
third author verified the extracted data.

The first table summarizes bibliographic and study characteristics (author, year of
publication, country, sample size, number of implants placed), study design, patient
characteristics (age and sex), main conclusions, and conflict-of-interest statements.

The second table records clinical treatment variable: type of guided surgery, compari-
son group, flap versus flapless approach, and prosthetic loading time.

The third table captures patient-perception outcomes. It also includes the questionnaire
used for evaluation, aspects and variables assessed, and the timing of the measurement.

2.2. Data Analysis

For clinical evaluation studies, a descriptive synthesis of the extracted results was
performed as well as a quantitative analysis when possible.

2.3. Quality of Included Studies

Two scales were used to assess methodological quality, depending on study type. For
clinical trials, two independent reviewers applied the Jadad scale [17], which evaluates
randomization, double-blinding, and accounting for withdrawals or dropouts, with a
maximum score of 5 points. Quality thresholds were defined as 0-3 (low quality) and
4-5 (high quality). For case series, we used the Joanna Briggs Institute 2017 critical appraisal
tool for case series, which assesses variables such as clearly defined inclusion criteria, case
selection, follow-up duration, confounding factor management, and statistical methods.
Studies were graded as >70% (good), 50-70% (moderate), and <50% (low methodological
quality) [18].
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3. Results

3.1. Search Results

The search identified 515 studies. After removal of duplicates, 442 studies remained

for title and abstract screening. Of these, 49 underwent full-text review; 7 met the eligibility

criteria and were included. Screening of reference list yielded an additional nine potential

studies, five of which were included. The flow diagram is shown in Figure 1, and the

detailed search strategies are provided in Table 1.

Table 1. Table of search strategies.

Database

Search Strategy

Number of Articles

((“Dental Implants” OR “guided implant surgery”)
AND (“Psychological Phenomena” OR
“psychological impact” OR “mental health” OR
“anxiety” OR “Quality of Life” OR “Stress”) AND
(“Patient Satisfaction” OR “treatment outcomes”))

Medline

398

Cinhal

(MH “Dental Implants” OR “guided implant
surgery”) AND (MH “Psychological Phenomena”
OR “psychological impact” OR MH “Mental
Health” OR MH “Anxiety” OR MH “Quality of
Life” OR MH “Stress”) AND (MH “Patient
Satisfaction” OR “treatment outcomes”)

103

Embase

(“dental implants”/exp OR “guided implant
surgery”) AND (“psychological phenomena”/exp

OR “psychological phenomena” OR

“psychological impact”/exp OR “psychological
impact”) AND (“patient satisfaction” /exp OR
“patient satisfaction” OR “treatment outcomes”)

28

[ Identification of studies in databases and registries ]

[ Identification of other studies by other means ]

Records identified in

bibliographic databases
-Medline (n = 398)
-Cinahl (n = 1029)
-Embase (n = 28)
-Total (n = 529)

Identification

-

References eliminated before selection by the
manager bibliographic:
-Duplicates (n=73)

References identified in:
-References from other articles
(n=9)

!

References retrieved
(n = 456)

References excluded after reading the
title/abstract (n = 405)

!

References assessed for
eligibity
(n=49)

Screening

!

References includes
(n=7)

References excluded (n = 42).

For not meeting criteria:
-Does not compare guided surgery (n = 26)
-Systematic/narrative review (n = 11)
-Received psychological/psychiatric treatment
previous (n = 2)
-Assesses treatment with overdentures (n = 2)
-Comment (n=1)

[

)

Total of included studies
(n=12)

Included

v

L

[

Figure 1. Study selection flowchart.

References that meet the
eligibility criteria (n = 5)
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3.2. Characteristics of the Included Studies

Of the twelve studies included in the systematic review, nine were clinical trials
(one nonrandomized [19]) and three were case series [20-22].

The studies were conducted between 2006 and 2023. Study populations were drawn
from a wide range of countries, including Belgium [23,24], Spain [19,25], Italy [20,26],
Switzerland [27], India [9], Brazil [28], France [21], Thailand [29], and The Netherlands [22].
Outcome assessment periods from seven days to a maximum of one year. Follow-up
focused exclusively on patient-reported variables related to quality of life and satisfaction in
relation to the surgical procedure, both intraoperatively and in the immediate postoperative
period. These data are summarized in Table 2.

Table 2. Summary table of the characteristics of the included studies.

Author and Year of . . Conflict of
Publication SD MheStndy N (o] (Type o Fotin ] Interest
(Country of Execution) y M & [Quality Rating]
Yes
SanChoélglll;}ES]e setal, RCT NR 73 NR [Public: University of No
(Switzerland) (NR) [NR] Geneva and University of [2 Low]
witzerlan Zurich]
VercruyssEezn3 Tt al.,, 2014 et | vear 59 Avg, 58 years Yes No
(Belg;um) ¥ (314) [Both] [Private: Nobel Biocare] [3 Low]
Vercruyssof:;z]et al., 2014 RCT 7 davs 59 Avg. 58 years Yes No
(Belgium) Y (314) [Both] [Private: Nobel Biocare] [2 Low]
Nirula et al., 2023 [28] 60 Avg. 48 years NR No
India 210 Bot NR 2 Low
dia) RCT 4 months [Both] INR] [ ]
Yes
Frizzera et al., 2011 [27] 10 [Private: FAESA and No
(Brazil) RCT 3 months 20) Over 18 years old FAPES and [5 Highl
Derig-Implants]
Yes
Montero et al., 2019 [18] : 104 Avg. 55 years e No
(Spain) N-RCT 6 months (399) [Both] [Public: University of [1 Low]
Salamanca]
Merli et al., 2008 [19] 13 Avg. 62 years Yes NR
Ita 89 Bot Private: Nobel Biocare 66% Low
ly) CS 8 months [Both] [ bel 1 [66% 1
Fortin et al., 2006 [20] 60 19-82 years NR NR
(France) s 7 months (152) [Both] [NR] [89% High]
Pozzi et al., 2014 [25] 51 62.7-63.4 years NR No
(Italy] RCT 1year 202) [Both] INR] 3 Low]
Engkawor[lzgg ]et al.,, 2021 et ) wecks 88 3274 years NR No
(Thailand) 179) [Both] [NR] [3 Low]
Lindeboom & Van Wijk,
2009 [21] cs 10 months 16 54-58 years NR NR
(Netherlands) (96) [NR] [NR] [77.7% High]
Jorba-Garcia et al., 2023
29 59-61 years NR No.
(SE;]H) RCT 8 months (44) [Both] [NR] 3 Low]
SS =622
Total (NI) = (192)

RCT: Randomized Clinical Trial; N-RCT: Non-randomized clinical trial; CS: Case series; SD: Study Design; SS: Sam-
ple Size; NI: Number of Implants Placed; AA: Average Age of Participants; NR: No reported; FAESA: Faculdades
Integradas Espirito-Santenses; FAPES: Fundagao de Amparo a Pesquisa e Inovagao no Espirito Santo.

None of the twelve studies reported conflicts of interest. Regarding funding, six studies

declared having received financial support [19,20,23,24,27,28]: five reported private fund-
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ing [20,23,24,27,28] and one of these also reported public funding [27]. Three studies stated
they had no funding [9,25,26], and three did not report funding information [21,22,29].

3.3. Sample Size and Sociodemographic Characteristics

All studies included both male and female patients, except three in which sex was not
reported [9,22,27]. All patients were at least 18 years old, and mean ages ranged from 48 to
82 years.

Sample size ranged from 10 [28] to 104 patients [19]. The number of implants placed
ranged from 20 [28] to 399 [19]. Across all studies, the combined sample comprised
622 patients and 1929 implants.

3.4. Quality Assessment

The methodological quality of the included studies was as follows: among clinical
trials evaluated with the Jadad scale, scores ranged from 1 to 5, with a mean of 2.77,
indicating generally low quality. Among case series assessed with the Joanna Briggs
Institute scale, scores ranged from 66% to 89%, with a mean of 77.7%. This indicates the
high-quality of execution for the included studies. This information is provided in detail in
Table 2. Regarding the RCTs, only the work of Frizzera et al., 2011 [27] had a score of 5, but
it only analyses visual scales and included a small sample, 10 patients and 20 implants.

3.5. Results of the Clinical Variables from the Included Studies

Based on the type of computer-guided surgery performed, nine studies used static
computer-assisted implant surgery (s-CAIS) [19-24,26-28], two used dynamic navigation
(d-CAIS) [9,25], and one included both approaches [29].

Comparison groups varied by surgical technique (conventional, static [s-CAIS], or
dynamic [d-CAIS]) and by specific clinical variables analyzed. In five studies, implant
placement with s-CAIS was compared with conventional freehand surgery [21,23,24,26,28].
In the study that included both guided surgery techniques (s-CAIS and d-CAIS), the
comparison group underwent conventional freehand surgery [29].

In two studies, d-CAIS was compared with conventional freehand surgery [9,25]. One
study did not include a comparison group and evaluated only s-CAIS. One study did not
include a comparison group and used only static guided surgery (s-CAIS) as the treatment
technique for implant placement [20].

In the remaining studies, the comparison groups included both guided and conven-
tional techniques but were subdivided based on specific variables, such as the use of
radiographic and surgical stents, flap versus flapless surgery, and the type of prosthetic
loading applied [19,22,27].

Another important clinical variable considered in the studies was whether a surgical
flap was performed. In most cases, flap surgery was performed with the conventional
technique [9,19,21,27,28]. In other cases, a flap was created due to various reasons, such
as lack of mucosal support, or in patients requiring prior bone regeneration regardless of
the surgical technique used [20,23,24,29], or when the study was specifically evaluating
outcomes based on flap versus flapless procedures [22].

The most commonly used software programs in the included studies for computer-
guided implant placement were Noble Biocare [20,22,26], Dentsply Systems [23,24,27], and
Navident [9,25]. This information is summarized in Table 3.
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Table 3. Table of results of the clinical variables of the included studies.

Author Comparison Group [InterF‘{:;tlon] Features/Software Load
Conventional and static
guided surgery with Simplant Dentsply Sirona
Sancho-Puchades et al. radiological splint and [Static] software. Bone regeneration NR
[26] surgical splint and guided Flap: all groups and bone elevation, if
surgery with surgical necessary
splint
[Static]
Without flap: mucosal support It uses two euided surger
groups (Mat Mu and Fac Mu). gtuc sery
With flap: Materialize systems: Materialize Universal
Vercruyssen et al. [23] CODVEITthDal and static Universal/bone (Mat Bo), (Materla.l 12€, Leuven, Belgium) 3-4 months
guided surgery Facilitate /bone (Fac Bo) and FacilitateTM (DENTSPLY
af(; ee}?ail d r?a\figaiicono ’ Implants, Molndal, Sweden)
(Freehand), and pilot drill with depth control stops
template (Templ)
[Static]
Without flap: mucosal support Tt uses two euided sureer
groups (Mat Mu and Fac Mu). stid sery
. . 5 systems: Materialize Universal
Conventional and static With flap: Materialize (Materialize, Leuven, Belgium)
Vercruyssen et al. [22] . Universal /bone (Mat Bo), e ' De's 3-4 months
guided surgery Facilitate /bone (Fac Bo) and FacilitateTM (DENTSPLY
afcr eeﬁafl d r?a\?igaiicono ! Implants, Molndal, Sweden)
(Freehand), and pilot drill with depth control stops
template (Templ)
. Conventional and [Dynamic] Navident Software (Toronto,
Nirula, - et al. [28] dynamic guided surgery Flap: conventional surgery ON, Canada) NR
Conventional and static [Static] Blue sky plan Software NR

Frizzera et al. [27]

guided surgery.

Flap: conventional surgery

(Libertyville, IL, USA)

Montro et al. [18].

Conventional, static
guided surgery with
conventional loading and
immediate loading
surgery

[Static]
Flap: conventional surgery

MozoGrau Guided Surgery
Software (MG_Fidelis,
Mozograu, Valladolid, Spain)

Immediate and
conventional

Merli et al. [19]

Static guided surgery.

[Static]
Flap: 2 patients for bone
regeneration

Nobel Biocare, Goteborg,
Sweden

Immediate and
conventional

Fortin et al. [20]

Conventional and static
guided surgery.

[Static]
Flap: conventional surgery

CADimplant v2.3 Software

NR

Pozzi et al. [25]

Conventional and static
guided surgery.

[Static]
Flapless or mini flap

Software Nobel Biocare,
Kloten, Switzerland

Immediate.

Engkawong et al. [29]

Conventional, static
guided surgery and
dynamic guided surgery.

[Static and dynamic]
With and without flap
depending on the consistency
of keratinized mucosa

coDiagnostiX software, Dental
Wings, Inc., Montreal, QC,
Canada, and Iris-100, EPED,
Inc., Taiwan. Bone
regeneration and bone
elevation, if necessary

NR

Lindeboom & Van Wijk

[21]

Flap-guided surgery and
flapless-guided surgery.

[Static]

Flap: guided surgery; Flapless:

guided surgery

Nobel Biocare AB Software,
Goteborg, Sweden

NR

Jorba-Garcia et al. [24]

Conventional and
dynamic guided surgery.

[Dynamic]
Flap-free whenever possible
for both groups

Navident Software
(Navident®, ClaroNav
Technology Inc.®; Los Angeles,
CA,USA)

NR

NR: not reported.

3.6. Results of the Instruments Used to Assess Patient Perception

Across the twelve included studies, patient perceptions of the surgical interven-
tion were assessed using the following instruments: Oral Health Impact Profile (OHIP)
(n = 3) [22,24,25], Visual Analog Scale (VAS) for pain (n = 7) [9,21,23,25-29], Visual Ana-
log Scale for quality of life (n = 3) (19, 20, 27), Health-Related Quality of Life instrument
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(HRQoL) (n = 2) [19,24], McGill Pain Questionnaire (MPQ-DLV) (n = 1) [24], adapted Likert
scale (n = 1) [29], Patient-Related Experience Measures (PREMs) (1 = 1) [9], Impact of Event
Scale-Revised (IES-R) (n = 1) [22], Dental Anxiety Inventory (s-DAI) (n = 1) [22], Ordinal
Pain Scale (1 = 1) [26], and study-specific questionnaires (1 = 2) [20,26]. Details are provided
in Table 4

Table 4. Results table of the instruments used to evaluate patient perception.

Study OHIP VAS-p VAS-ql HRQoL MPQ-DLV Likert-a PREM'’s IES-R s-DAI 0-3 Self-d
Sancho-Puchades et al. [26] X X
Vercruyssen et al. [23] X
Vercruyssen et al. [22] X X X
Nirula et al. [28] X X
Frizzera et al. [27] X X
Montero et al. [18] X X
Merli et al. [19] X
Fortin et al. [20] X
Pozzi et al. [25] X X X
Engkawong et al. [29] X X
Lindeboom & Van Wijk [21] X X X
Jorba-Garcia et al. [24] X X

OHIP: Oral Health Impact Profile; VAS-p: Visual Analog Scale (pain); VAS-ql: Visual Analog Scale (quality of
life); HRQoL: Health-related quality of life instrument; MPQ-DLV: McGill Pain Questionnaire; Likert-a: Likert
scale adapted; PREM’s: Patient Related Experience measures; IES-R: Impact of Event Scale-Revised; s-DAI: Dental
Anxiety; O-3: Ordinary Pain Scale; Self-d: Self-developed questionnaire; X: It has been done.

3.7. Results of the Validation of Patient Perception

Patient-perception outcomes related to surgical approach to implant placement
were evaluated using the previously described questionnaires and scales [30-37]. In
several studies, investigators also employed study-specific questionnaires to assess the
outcomes [20-26].

The questionnaires assessed symptoms and intraoperative/postoperative
comfort [9,21,23,25-29], patient satisfaction [9,19,20,22,24-26,28,29], and treatment-related
perceived quality of life [19,22-25]. Other factors assessed were perception of the duration
of the surgery [27], expectations [9], and preoperative and intraoperative anxiety [22].

The most commonly used outcome measures were the Visual Analog Scale (VAS) [32],
both for intraoperative and postoperative pain and for patient satisfaction, the Oral Health
Impact Profile (OHIP) [30], and the Oral Health-Related Quality of Life (HRQoL) question-
naire [31].

Most questionnaires evaluated similar variables. In some studies, these were presented
more broadly as domains (functional limitation, physical pain, psychological discomfort,
physical disability, social disability, and other causes of discomfort) [24], whereas other
studies assessed more specific variables, including swallowing, phonetics, oral hygiene,
sleeping, smiling, work-related functions, anxiety, esthetics, and cost [19,20,22,26].

The timing of questionnaire administration and follow-up varied widely across the
included studies. Questionnaires were administered before surgery [9,19,24,25,28]; im-
mediately after the procedure [25,27]; during the postoperative period, ranging from 3 to
15 days after surgery [9,21-23,25,26,28,29]; or with follow-up periods of six months to
five years post-surgery (19,24,26). In nearly all studies, except one [27], questionnaires were
administered more than once at different time points. This information is shown in Table 5.
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Table 5. Results table for the validation of treatment perception.

Author

Instrument

Aspects Assessed

Questionnaire Variables

Time of Questionnaire
Administration

Intraoperative comfort,

L Visgal Analogue Scale (VAS) perceived duration of the Swelllng, brulslng,. .
Sancho-Puchades (pain). sureical procedure. and bleeding, nausea, opening, Immediately after
et al. [26] 2. Visual Analogue Scale (VAS) intrg- ancPI) postop er,ativ o ) chewing, social surgery
(quality of life) symptoms interaction, sleep, etc.
Domains: Functional
limitation, physical pain,
Vercruyssen et al. 1. Oral Health Impact Profile Quality of life and patient psychological discomfort, Preoperative and one
[23] (OHIP 49) satisfaction physical disability, social year after receiving it
disability and other
reasons for discomfort
1. McGill Pain Questionnaire
(MPQ-DLV). . .
Vercruyssen et al. 2. Oral Health-related Quality Postoperative pain and Pgﬂﬁﬁscgﬁt&z nvzlgi;c:;e' During the following
[22] of Life (OHQoL). quality of life (mas ti};ator function) 7 days postoperatively
3. Visual Analogue Scale (VAS) Y
(pain)
L Patient-Related Experience Expectations, treatment Experience with robotics, P . d duri
Nirula et al. [28] measures (PREM). satisfaction and pain perception, and t;eopeliatlve a;n ur}ng
2. 2’15‘,1&)1 Analogue Scale (VAS) postoperative pain comfort during surgery ¢ postoperative perio
pain
1. Visgal Analogue Scale (VAS) . bt 4 Intraoperat.lve pa.m, Preoperative and during
Frizzera F et al. [27] (pain) reatment satistaction an postoperative pain, the following 7 days
2. Visual Analogue Scale (VAS) pain treatment satisfaction and ostoperativel
satisfaction surgical time p P Y
( ) 8
Impact on basic daily
1. Oral Health-related Quality activities: eating, speaking,
Montero et al. [18] of Life (OHQoL). Quality of life and patient oral hygiene, sleeping, Preoperative and at
' 2. Visual Analogue Scale (VAS) satisfaction smiling, job functions, 6 months after surgery
(satisfaction) emotional stability, and
social contact
7 days after the
Merli et al. [19] L. Self—d.evelo.ped Patient satisfaction Quality of life and cost provisional treatment
questionnaire and 30 days after
definitive rehabilitation
Fortin et al. [20] 1. Visual Analogue Scale (VAS) Postoperative pain Postoperative pain and During the following
’ (pain) medication 7 days postoperatively
Pozzi et al. [25] L Standard pain scale. (0_3)_‘ Postoperative pain and Function, aesthetics, and Pain: 3 days after
’ 2. (Self'—rfepct{rte():l questionnaires patient satisfaction comfort treatment
satisfaction
1. Visual Analogue Scale (VAS) ] ) .
Engkawong et al. (p au:l) . Postoperative pain and Pc?gvlzfeiﬁfls djafigi“y 1-2 weeks after
[29] 2. 5-point Likert scale adapted patient satisfaction 18 pe '8 treatment
de Yao and colleagues oral hygiene, surgical time
(satisfaction)
1. Impact of Event
. Scale-Revised (IES-R) Patient satisfaction, . . . . .
Lmd‘e/\]?ic.)li) Ef]t Van 2. Dental anxiety (s-DAI) quality of life and dental Pain, anj[); Z?éiﬁiahon of 7Ddl;r1rslg (t)}slfofoi(;‘t/\gz%
) 3. Oral Health Impact Profile anxiety ys postop y
14 (OHIP-14)
Patient perception,
Jorba-Garcia et al. 1 Oral Health Impact Profile Quality of life, patient treatment Preoperatively, at the
[24] 14 (OHIP-14) tisfaction and pain recommendation, intra- end of surgery, and
2. Visual Analogue Scale (VAS) satistaction and pa and postoperative pain, 7 days postoperatively

surgical time




J. Clin. Med. 2025, 14, 6638

10 of 16

3.8. Results of the Study Conclusions

Key findings from the included studies are summarized below. Regarding satisfaction,
two studies reported that computer-guided implantology and flapless approaches were
associated with greater patient satisfaction and improved quality of life [19,28], as well as a
high level of accuracy in implant placement [25]. However, two studies found no significant
differences between guided techniques and conventional freehand methods [25,29].

With respect to pain, four studies observed that computer-guided and/or flapless
implant placement was associated with lower intensity and shorter duration of postopera-
tive pain and inflammation than conventional freehand techniques [9,21,23,28], which may
reduce medication consumption [28]. By contrast, two studies found no significant differ-
ences in pain or inflammation between conventional and guided techniques for implant
placement [25,29]. Regarding flap creation in guided surgeries, one study observed that no
postoperative pain was reported [22].

Quantitative analysis was possible in only three studies, and solely with respect
to pain outcomes: Pozzi et al. [25], Frizzera et al. [27], and Nirula et al. [28], yielding
p = 0.03 (Figure 2). In the remaining studies, quantitative analysis was not feasible, either
because a personalized questionnaire was used [29], data were presented only in graphical
form [24,26], specific variables were analyzed [18], or different groups and measurement
scales were employed [22].

d-CAIS s-CAIS Mean difference Mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Frizzera et al. 1.7 0.72 10 4.62 217 10 283% -3.45[-4.87,-2.03] +=——

Nirula et al. 0.23 0.568 30 1.73 1437 30 355% -1.50[-2.05, -0.95] —-—

Pozzi et al. 0.32 0.74 25 0.92 0.74 26 36.2% -0.60[-1.01,-0.19] -

Total (Wald?a) 65 66 100.0% -1.73[-3.27,-0.18] ’

Test for overall effect: Z = 2.19 (P = 0.03) 4 5 0 3 )
d-CAIS s-CAIS

Heterogeneity: Tau? (REMLP) = 1.67; Chi* = 18.28, df = 2(P=0.0001); I2=94 %

Footnotes

aCl calculated by Wald-type method.

bTau? calculated by Restricted Maximum-Likelihood method.

Figure 2. Forest plot.

Three studies concluded that treatments for implant placement using computer-guided
surgery techniques are valid and predictable methods, as well as technologies with high
patient preference and acceptance [9,26,27].

Finally, another variable considered was treatment planning, which was performed
using CBCT and dedicated implant planning software. In one study, this technique proved
to be very useful, especially for planning complex cases [20]. However, another study
found no significant differences in the implementation of these software tools [26]. Despite
technological advances, factors such as operator experience [20] and the time invested in
these procedures can affect the efficiency of the techniques employed [27]. These results
are detailed in Table 6.
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Table 6. Results table of the conclusions of the studies.

Study

Conclusions

Sancho-Puchades et al. [26]

Overall, patients preferred computer-based technologies. No differences were
observed in intra- or postoperative discomfort compared to control protocols.
More extensive surgical procedures negatively affected intra- and postoperative
quality of life, regardless of treatment group.

Vercruyssen et al. [23]

No differences were found at 1-year follow-up between implant and patient
outcome variables for guided vs. conventional treatments. Guided surgery
appears to be a valid and predictable treatment option.

Vercruyssen et al. [22]

Few differences were found in patient outcome variables across treatment
groups. However, patients undergoing conventional flap implant placement
tended to experience pain for a longer period.

Nirula et al. [28]

Immediate postoperative pain perception and comfort levels were better with
dynamic navigation. Patients showed strong interest in robotic dentistry,
appreciating the ability to visualize and understand the procedure on screen.

Frizzera et al. [27]

Flapless guided implant surgeries performed by inexperienced clinicians showed
reduced surgical time and yielded better patient-reported outcomes both intra-
and postoperatively, along with reduced medication usage compared to
conventional implant techniques.

Montero et al. [18]

Clear improvement in oral well-being was observed after implant therapy.
OHQoL scores and patient satisfaction were notably higher in patients treated
with guided surgery and immediate loading protocols, although all groups
ultimately achieved similar well-being levels.

Merli et al. [19]

Guided implant surgery software can be very helpful in planning and managing
complex cases. However, it requires progressive training. The entire flapless and
immediate loading process is not simple and should only be used by
experienced operators.

Fortin et al. [20]

With flapless procedures, patients experienced less intense and
shorter-duration pain.

Pozzi et al. [25]

When treatment planning was perfomed with CBCT scanning using dedicated
3D planning software, no statistically significant differences were observed
between computer-guided and freehand rehabilitations—except that freehand
sites, where flaps were more often raised, showed more postoperative pain
and inflammation.

Engkawong et al. [29]

Conventional freehand, static, and dynamic CAIS techniques for dental implant
surgery did not result in any difference in postoperative pain and inflammation
levels and appeared to lead to equal levels of patient satisfaction.

Lindeboom & Van Wijk [21]

The flap procedure group reported less impact on quality of life and included
more patients who reported no pain at all during placement.

Jorba-Garcia et al. [24]

d-CAIS systems significantly improve implant placement accuracy in partially
edentulous patients compared to the manual approach. However, they
significantly increase surgical time and do not appear to enhance patient
satisfaction or reduce postoperative pain.

4. Discussion

The findings of this review highlight the generally positive impact of guided oral

implantology on patients’ perceptions of quality of life, satisfaction, and psychological
well-being. However, results are not uniform across studies. Merli et al. [19] and Nirula
et al. [28] reported improvements in patient satisfaction and quality of life, along with
reductions in postoperative pain, particularly with dynamic techniques. Pozzi et al. [25]
only took into account the difference in pain reduction, but not in the other parameters
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analyzed. Andngkawong et al. [29] and Jorba-Garcia et al. [24] found no differences across
the outcomes analyzed. Similarly, Yeo et al. [38] concluded that there is no evidence that
CAIS improves patient engagement or confidence, as no intra- or postoperative differences
were found. Moreover, even recent research focused on the accuracy of the three CAIS
options (static, s-CAIS, dynamic, d-CAIS, and robotic r-CAIS) did not evaluate patient
satisfaction [39]. By contrast, a reduction in clinician stress appears to be a consistent,
as analyzed by Ashy LM [40], although implementation might be limited by the cost of
the equipment [41]. This finding is further supported in favor of d-CAIS, as quantitative
analysis was possible in at least three studies [25,27,28], showing a significant p value in
the evaluation of pain outcomes.

Across the reviewed literature, the most frequently used questionnaires to assess these
parameters were the Visual Analogue Scale (VAS), Oral Health-Related Quality of Life
(OHQoL), and the Oral Health Impact Profile (OHIP). Overall, the use of digital technolo-
gies, such as computer-guided implant surgery in its static (s-CAIS) and dynamic (d-CAIS)
forms, is indicated to optimize the planning and placement of dental implants [38,39],
although it is rarely clearly analyzed how much the patient experience improves. One
benefit that is more consistently reported and aligns with our findings in this review is
the reduction in pain, with correspondingly lower medication consumption [18,20,21].
Nevertheless, Vercruyssen et al. [23], with a year of follow-up and using the OHIP-49, did
not find differences. Jorba-Garcia et al. [24] reported the same but using the OHIP-14 and
the VAS.

Several studies found no significant differences relative to conventional implant
surgery, underscoring the need to consider additional variables such as the operator’s
experience and individual patient expectations [19,27]. Patients’ perceptions of shorter
operative and recovery times with guided implantology should also be considered [28].
Notably, some studies emphasized that surgical duration may increase with case complex-
ity and operator experience, potentially affecting overall satisfaction [20,25]. This aligns
with prior studies indicating that procedure length is a key determinant of patient expe-
rience, in part by reducing anxiety and fear associated with invasive procedures [42-44].
Many of these issues were addressed in the review by Yeo et al. [38], which concluded that
quantitative outcomes show no differences and that the qualitative literature on patient
satisfaction lacks sufficiently well-designed studies to support firm conclusions.

Similarly, several studies reported no significant differences in patient-reported satis-
faction or pain between using guided techniques and conventional surgery, while pointing
out limitations when using guided techniques. This suggests that heterogeneity in clini-
cal management and subjective patient factors may influence outcomes. Consistent with
Aghaloo et al. [45], guided surgery can reduce operative time and postoperative inflamma-
tion, yet not all patients perceive meaningful improvements in long-term comfort compared
to traditional techniques. This variability could be explained by individual differences
in pain perception and implant adaptation [45]. Although CAIS systems demonstrably
improve placement accuracy [12,18,46,47], adoption must also weight economic cost and
the potential for sponsorship bias, given that many studies are industry [46,47].

An important aspect to consider is that dental patient-reported outcome measures
(dPROMs) are widely used in various areas of oral health and well-being analysis. In fact,
some of the most extensively studied are the OHQoL and the OHIP [48-51]. It is always
essential to apply them using sound methodology in order to achieve the most reliable
results possible [52]. However, in general terms, their limitations include incomplete
knowledge regarding their dimensionality, which affects their validity, and the lack of a
specified recall period, which reduces their clinical applicability [a]. One way to address
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these limitations is to assess the four dimensions jointly: Oral Function, Orofacial Pain,
Orofacial Appearance, and Psychosocial Impact [48,53].

In our review, HRQoL was used by two authors [18,22], and although the studies
were not comparable, the results were contradictory. Regarding OHIP, it was analyzed
in three studies [21,23,24]. The study by Lindeboom & Van Wijk [21], a case series, re-
ported improvement for d-CAIS, while the others showed disparate outcomes, with special
mention of the study by Jorba-Garcia et al. [24], which applied both OHIP and VAS. Never-
theless, the heterogeneity with other studies that used the VAS system prevented us from
conducting a quantitative analysis.

Focusing on the VAS method, in our review, it was the most frequently used system:
in eight studies for the assessment of pain [20,22,24-29] and in three studies for quality of
life [18,26,27]. As mentioned previously, we were able to conduct a quantitative analysis
in three of them (Figure 2) [25,27,28]. Although methodologically sensitive, the use of
dPROMs has been valuable in numerous studies on oral implantology [54-56]. We high-
light the work of Abou-Ayashe et al. [57], which presents an interesting meta-analysis of
28 studies reporting dPROs from 1457 edentulous patients, analyzing both OHIP and VAS.
The authors noted that both tests, in studies where they were applied together, performed
similarly. However, they also pointed out in their discussion that it is common for summary
scores of validated multi-item questionnaires (e.g., OHIP) to be considered equivalent to
the results of individual questions (e.g., single VAS items). This practice is, at the very least,
questionable, as it may introduce bias due to the variable psychometric quality of dPROMs
and the diversity of dPRO concepts [57].

This study presents several strengths. First, it synthesizes recent scientific literature,
situating the findings within the current state of the art in guided implantology. Second,
it highlights the benefits of integrating digital technologies into implantology, offering a
modern, clinically relevant, and evidence-based perspective for clinical practice. Third,
its emphasis on patient-reported outcomes provides a patient-centered approach, focused
on well-being and quality of life, which are fundamental aspects of contemporary den-
tistry. Finally, most included studies are randomized clinical trials, providing a high level
of evidence.

However, this study also has important limitations. Most trials received low Jadad
scale scores, indicating methodological shortcomings, particularly in data blinding. Ad-
ditionally, substantial heterogeneity in study design, outcomes, and statistical analysis
hampers comparability and complicates interpretation. Several studies had small sample
sizes and short, highly variable follow-up durations, limiting the generalizability of the
findings. It is also important to note that most studies lacked double blinding, which
could introduce bias among participants and potentially generate responses based on
previous experiences or anxiety levels. Collectively, these issues precluded a meaningful
meta-analysis. It is also noteworthy that three of the included studies were case series,
which further weakens the strength of the evidence. Moreover, many studies were industry
funded, introducing a potential risk of sponsorship bias.

Finally, the lack of longitudinal research evaluating the long-term effects of guided
implantology on patient quality of life represents an important gap in the literature.

5. Conclusions

Guided oral implantology represents a valid, reliable, and precise alternative for the
rehabilitation of tooth loss, offering advantages in terms of patient experience and comfort.
Pain reduction is the most extensively studied variable; however, further research is needed
to determine its impact on procedure duration and overall patient satisfaction. Rigorous
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methodological designs and long-term follow-up are essential to establish stronger evidence
regarding its influence on patient perception and psychological well-being.
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