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Abstract: Background/Objectives: Orthognathic surgery has evolved with digital advance-
ments, improving precision and predictability. Traditional free-hand techniques rely on
surgeon expertise, often leading to variable outcomes. Fully guided approaches integrate
computer-assisted surgery, including virtual surgical planning (VSP), CAD/CAM, and
dynamic navigation, enhancing accuracy and efficiency. This review compares these ap-
proaches, assessing their impact on surgical accuracy, efficiency, and patient outcomes.
Methods: A scoping review was conducted across PubMed, MEDLINE, Scopus, Cochrane
Library, and Embase databases, focusing on clinical trials and cohort studies. Key pa-
rameters analyzed include surgical precision, operative efficiency, complication rates, and
functional/aesthetic results. Results: Fully guided techniques achieve sub-millimetric
accuracy with mean length deviations ranging from 1.3 mm to 2.4 mm and mean angular
deviations between 2.29° and 3.51°. Moreover, these approaches markedly reduce operative
time, averaging between 34 min and 1.7 h, and postoperative complications. Digital tools
streamline workflow, improving reproducibility and aesthetic outcomes. Free-hand meth-
ods remain cost-effective but require greater surgical expertise, often resulting in longer
recovery periods and higher variability. Conclusions: Computer-assisted orthognathic
surgery enhances precision and efficiency, outperforming free-hand techniques in accuracy
and predictability. While free-hand methods remain viable for simpler cases, fully guided
approaches optimize surgical execution. Future research should explore hybrid strategies
combining digital precision with manual adaptability to further refine surgical techniques.

Keywords: full-guided; free-hand; mandibular reconstruction; computer assistant surgery;
virtual surgical planning (VSP); CAD/CAM; dynamic navigation

1. Introduction

Orthognathic surgery has undergone a transformative evolution with the integra-
tion of digital technologies, significantly enhancing precision, predictability, and patient
outcomes. Orthognathic procedures have been historically characterized by the use of
free-hand surgical techniques that rely on the surgeon’s expertise, manual adjustments, and

Dent. J. 2025, 13, 260

https://doi.org/10.3390/dj13060260


https://doi.org/10.3390/dj13060260
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/dentistry
https://www.mdpi.com
https://orcid.org/0009-0000-1703-6980
https://orcid.org/0009-0000-1632-821X
https://orcid.org/0009-0000-5915-1901
https://orcid.org/0000-0001-6309-8410
https://orcid.org/0000-0002-0709-5407
https://doi.org/10.3390/dj13060260
https://www.mdpi.com/article/10.3390/dj13060260?type=check_update&version=1

Dent. J. 2025, 13, 260

2 of 14

conventional occlusal wafers to achieve skeletal repositioning. However, these methodolo-
gies are inherently constrained by the variability of both intra- and inter-operators, which
may result in postoperative discrepancies and prolonged hospital stays [1,2].

The invention of computer-assisted surgery has revolutionized the field even further
by, incorporating artificial intelligence (Al), three-dimensional imaging, dynamic navi-
gation, augmented reality, and real-time imaging to optimize surgical accuracy. These
technologies facilitate comprehensive preoperative planning, allowing surgeons to analyze
anatomical variations and mitigate risks associated with tissue damage. Virtual surgical
planning (VSP), combined with computer-aided design/computer-aided manufacturing
(CAD/CAM), enables the creation of patient-specific surgical guides and pre-bent osteosyn-
thesis plates, streamlining intraoperative execution and improving functional and aesthetic
outcomes [3-5].

Recent studies have demonstrated that intraoperative navigation significantly en-
hances surgical precision, particularly in vertical positioning, which remains a challenge
with traditional techniques. Navigation systems consistently achieve accuracy within
2 mm, offering superior control in the cranial-caudal dimension compared to conven-
tional occlusal wafers [6]. Additionally, augmented reality-assisted free-hand orthognathic
surgery has emerged as a promising approach, utilizing electromagnetic tracking and skin-
attached dynamic reference tools to improve intraoperative visualization and accuracy [2].

Regardless of the advantages provided via computer-assisted surgery, free-hand
techniques remain relevant, particularly for simpler maxillofacial cases. While free-hand
procedures are more cost-effective, they often result in longer hospital stays and less
predictable postoperative outcomes. The hierarchy of surgical stability in orthognathic
surgery suggests that procedures involving maxillary expansion and mandibular rotation
present higher instability risks, reinforcing the need for advanced digital planning [7].

Given these innovative capabilities, the present scoping review aims to systematically
explore and critically appraise the application of fully guided techniques compared to
conventional free-hand methods in orthognathic surgery, evaluating their respective ad-
vantages, limitations, and clinical implications. By synthesizing current research on digital
surgical planning, intraoperative navigation, and custom guide fabrication, this review
seeks to highlight the transformative impact of digital technologies on surgical precision
and patient outcomes.

2. Materials and Methods

A scoping review approach was adopted for this manuscript in lieu of a formal sys-
tematic review due to the heterogeneous nature of study designs, planning methodologies,
execution strategies, and outcome measures encountered in the literature addressing fully
guided versus free-hand techniques in orthognathic surgery. This methodological choice
was made to comprehensively map the current body of research, capturing the variability
in digital (fully guided) and conventional free-hand approaches without forcing disparate
data into a single quantitative synthesis. By using a scoping review framework, the study
aimed to delineate critical gaps in the literature regarding the comparative effectiveness,
reproducibility, operative efficiency, and clinical outcomes between these two surgical
methods. Furthermore, this approach facilitates a foundational understanding of imple-
mentation strategies across diverse clinical contexts and elucidates the practical challenges
associated with integrating advanced digital technologies into routine orthognathic sur-
gical practice. Ultimately, the findings are intended to inform future systematic reviews
and guide translational research efforts in the evolving field of craniofacial surgery. A
detailed protocol for this scoping review was systematically developed, and all results were
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documented following the PRISMA for Scoping Reviews (PRISMA-ScR) checklist adapted
for scoping reviews, as detailed in Supplementary Table S1 [8].

2.1. Identifying Research Questions

To clarify the research query, a PICO (population, intervention, comparator, outcome)
framework was employed, as detailed in Table 1. Accordingly, the following review
question was developed:

Table 1. Population, intervention, comparator, outcome table (PICO).

Adult (>18 years) patients undergoing

P (Population) orthognathic surgery
Fully guided (digital, computer-assisted)
I (Intervention) surgical approaches, incorporating virtual
surgical planning, CAD/CAM, and 3D imaging
C (Comparator) Conventional free-hand techniques
Surgical accuracy, operative efficiency,
O (Outcome) functional and aesthetic outcomes, and

reducing complication rates

“Among adult (>18 years) patients undergoing orthognathic surgery, what is the
evidence regarding the efficacy of fully guided (digital, computer-assisted) surgical ap-
proaches, incorporating virtual surgical planning, CAD/CAM, and 3D imaging, in improv-
ing surgical accuracy, operative efficiency, functional and aesthetic outcomes, and reduc-
ing complication rates, compared with conventional free-hand techniques, over the past
twenty years?”.

2.2. Identifying Relevant Studies

A comprehensive search was conducted on 1 May 2025 across multiple biomedical
databases, including PubMed, MEDLINE, Scopus, Cochrane Library and Embase, using the
following query strings: ((“orthognathic surgical procedures”[MeSH Terms] OR (“orthog-
nathic”[All Fields] AND “surgical”[All Fields] AND “procedures”[All Fields]) OR “orthog-
nathic surgical procedures”[All Fields] OR (“orthognathic”[All Fields] AND “surgery”[All
Fields]) OR “orthognathic surgery”[All Fields] OR “orthognathic surgery”[MeSH Terms]
OR (“orthognathic surgical procedures”[MeSH Terms] OR (“orthognathic”[All Fields] AND
“surgical”[All Fields] AND “procedures”[All Fields]) OR “orthognathic surgical proce-
dures”[All Fields] OR (“jaw”[All Fields] AND “surgery”[All Fields]) OR “jaw surgery”[All
Fields])) AND ((“free”[All Fields] AND (“hand”[MeSH Terms] OR “hand”[All Fields]))
OR (“full”[All Fields] AND (“guide”[All Fields] OR “guided”[All Fields] OR “guides”[All
Fields] OR “guiding”[All Fields])))) for PubMed, MEDLINE, Cochrane, and Embase and
(TITLE-ABS-KEY (orthognathic AND surgery) OR TITLE-ABS-KEY (jaw AND surgery))
AND (TITLE-ABS-KEY (free AND hand) OR TITLE-ABS-KEY (full AND guided)) for
Scopus. References were reviewed for identification of any additional relevant articles.

2.3. Study Selection—Eligibility and Screening

The review was restricted to full-text research studies published in peer-reviewed
journals in the English language. Eligible studies had to meet the following criteria: the
study must include adult (>18 years) patients undergoing orthognathic surgery; the study
design must be a clinical trial, prospective or retrospective cohort study, or case report;
the study must primarily focus on comparing the effectiveness of fully guided (digital,
computer-assisted) approaches versus conventional free-hand techniques in orthognathic
surgery, assessing outcomes such as surgical accuracy, operative efficiency, functional and
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aesthetic results, and complication rates; and the study must be published from 2001 until
2025. Duplicate records, review articles, systematic reviews and meta-analyses, protocols
and guidelines, animal studies, conference abstracts and presentations, preprints, clinical
trials under patient recruitment or without published results, ongoing clinical trials, and
studies deemed irrelevant were excluded.

After excluding articles according to the above criteria using automated tools and
researcher screening, the final set of articles was retrieved. To ensure accuracy and ob-
jectivity, two independent reviewers (L.K. and S.T.) initially screened titles and abstracts
in a double-blinded process. For studies that passed this initial screening, full texts were
obtained and further evaluated to determine final eligibility. Any discrepancies during the
screening process were resolved by a third reviewer (T.P)).

2.4. Data Charting

Key variables were systematically extracted from all included studies by the primary
researchers (LK. and S.T.). The extracted variables included the following: first author,
publication year, study design, sample size, and patient demographic characteristics (mean
age). In addition, specific details pertaining to the surgical intervention were charted, such
as the type of orthognathic procedure performed (e.g., mandibular, maxillary, or bimaxillary
surgery), the intervention type (fully guided digital approach employing virtual surgical
planning [VSP], CAD/CAM, and 3D imaging versus conventional free-hand techniques),
and details of the intraoperative and preoperative planning protocols used. Outcome
measures were also recorded, including metrics of surgical accuracy (e.g., linear and angular
deviations, occlusion alignment, and condyle positioning), operative parameters (total
operative time, ischemia time, and preoperative planning time), complication rates, and
functional and aesthetic outcomes (including patient-reported satisfaction where available).
Finally, the key conclusions of each study were documented to capture insights regarding
the comparative effectiveness of fully guided versus free-hand approaches.

2.5. Collating, Summarizing, and Reporting Results

Extracted data were synthesized into results tables to facilitate a descriptive analysis
of the key findings. Given the scoping nature of this review, a meta-analysis was not
performed. Instead, a qualitative synthesis of the principal outcomes was conducted to
explore and evaluate the comparative effectiveness of fully guided versus conventional free-
hand orthognathic surgery techniques. This synthesis focused on delineating differences in
surgical accuracy, operative efficiency, functional and aesthetic outcomes, and complication
profiles, thereby mapping the current state of evidence and identifying gaps to guide future
research in this evolving field.

3. Results

The PRISMA flow diagram (Figure 1) outlines the review selection and exclusion
process. Initially, a total of 427 records were retrieved from the aforementioned databases
(PubMed and MEDLINE, n = 208; Scopus, n = 183; Cochrane and Embase, n = 36). Auto-
mated screening excluded 319 records, leaving 108 records for further consideration. Of
these, 24 duplicate records were removed manually. Subsequently, 73 studies were ex-
cluded based on ineligible study design, as determined through title and abstract screening.
After a full-text review of the remaining 11 articles, all the studies met the inclusion criteria
and, thus, were included in the review. From the review of references for identification
of any additional relevant articles, 14 additional studies were included. Thus, a total of
25 studies were included in this scoping review.
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Figure 1. PRISMA flow diagram.

Included studies were published between 2013 and 2022 (Table 2). Across multiple
studies, fully guided surgery demonstrated superior accuracy, with intraoperative navi-
gation achieving length and angular deviations between 1.34 mm and 2.4 mm and 2.29°
and 3.51°, respectively, particularly in vertical positioning. Digital planning methods such
as virtual surgical planning (VSP) and computer-aided design/computer-aided manu-
facturing (CAD/CAM) allowed for precise skeletal realignment, reducing intraoperative
adjustments and improving postoperative symmetry.

When it comes to operative efficiency, computer-assisted approaches significantly
reduced surgical duration compared to free-hand methods, ranging from 34 min to 1.7 h.
The use of pre-bent osteosynthesis plates and patient-specific guides streamlined work-
flows, with studies reporting a reduction in total operative time. Additionally, improved
preoperative simulations facilitated faster execution and reduced intraoperative revisions.
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Table 2. Table of results from the included studies.

. . . . .. Functional;
Author, Year Sstudy Des.l &n; Patient Age Procedure Type Intervention Type Prellr}trmperatwe Surgical A.“uracy Operative Complication Aesthetic Key Conclusions
ample Size Planning Protocols Metrics Parameters Rates Outcomes
VSP with custom
cutting guides and Significant
Fully euided prebent hardware Lovlv;zrigrgngar:kgate operative time Improved Fully euided methods
Hanasono MM Case-Control Mandibular ve contrasted with o savings, anatomical A
51.0 £ 174 years . (CAD/RPM) vs. . deviations; . . N/A . yield enhanced
etal., 2013 [9] study; 38 reconstruction free-hand free-hand resection improved particularly in alignment and recision and efficienc
relying on rﬁm tr single free-flap facial symmetry P ¥
intraoperative symmetry cases
judgment
. Preoperative 3D Postoperative Reduced overall Comparable CAS reduces operative
Orthognathic and Computer- . . I . Lower early occlusion and .
. A . ; planning with custom positioning similar; operative, P . . time and resource
MaHetal., 2021 Retrospective Maxillofacial assisted surgery O . . . complication function; slight I .
55.8 + 18 years . templates versus quantitative ischemia, bleeding, R . ; utilization, while
[10] study; 118 Reconstructive (CAS) vs. ional free-hand . ital rates in the differences in
5 free-hand conventional free-han metrics not hospital and ICU ided tiont-centered long-term outcomes are
urgery ree-han . - guided group patient-centere o
lannin; detailed stays largely similar.
P & ¥ measures 8ey
Early . .
Fully euided 3D preoperative design Mean leneth complications Sihn%h:(f:flggéirt‘:-l The guided approach
Li . . e with cutting guides can leng Reduction in fewer in the p ’ offers enhanced
iuYFetal., Retrospective Mandibular (using custom P deviation ~2.40 S . both methods L
2014 [11] study; 15 39.8 years reconstruction templates) vs Vversus surgeon s mm; angular operative time by guided group restored acceptable precision and shorter
Y £ p ’ intraoperative m; ang o nearly 2h (reported as 1 accep operative duration than
ree-hand : deviation ~3.51 . . function and
judgment in15vs.2in7 theti free-hand methods.
cases) aesthetics
) Patient-specific cutting Trends toward Accepta_ble. Fqlly gglded
Fully guided N . better lateral and L restoration; techniques improve
A guides produced via Operative time q P
Ciocca Letal., Prospective N/A Maxillofacial (CAD/CAM) vs. CAD, versus reliance on arch conformity; details not N/A slightly better reproducibility though
2015 [12] study; 10 Surgery free-hand i N vertical differences e reproducibility experienced surgeons
. intraoperative - specified . . .
(pre-plating) frec-hand adiustments not statistically with guided can achieve acceptable
) significant approach free-hand results.
Fullyvgsulic‘lzlei(i}:l Sing Dei‘:;ﬂleii Vi;tlltlﬁ ! Smaller Approximate Improved Digital planning
. . 56 years (SD 13) . . . P & . . reduction in Similar early occlusion, facial enhances predictability
Weitz ] etal., Retrospective Mandibular stereolithographic patient-specific cutting postoperative I A .
2016 [13] study; 50 vs: S5years reconstruction models and cutting guides; intraoperative deviations in operating time by complication symmetry, and and efficiency,
- ! (SD 16) . e - 34 min; improved profiles long-term bony especially in complex
guides vs. application of the mandibular angles Ly - .
free-h ! bone consolidation union reconstructions.
ree-hand v dlgltlal plan | Full ded method
. irtual surgica ully guided methods
Fully guided lanning with custom Mean length Reduced ischemia Superior occlusion ield lower deviations
(CAD/CAM- P & g p y
Zhang Letal,, Retrospective 355 Mandibular isted) cutting guides deviation ~1.34 time (~52.5 min in N/A and bone-to-bone and decreased
2016 [14] study; 22 ~years reconstruction caosr?ilseritioﬁil compared to manual mm; angular guided vs. 94.2 contact; enhanced operative time
intraoperative deviation ~2.29° min in free-hand) symmetry compared to free-hand
free-hand adjustments methods
Use of 3D virtual Deviations Overall outcomes Acceptable CAS may offer benefits
planning with reported in ranges: comparable; morphological in consistency,
De Maesschalck Retrospective 65.8 years vs. Mandibular Fully guided (CAS) patient-specific length deviations influenced by Comparable outcomes with particularly for less
Tetal., 2017 [15] study; 18 55.9 years reconstruction vs. free-hand instruments versus 1.3-2.4mm, operator ratesreported  minor advantages experienced surgeons,
conventional free-hand ~ angular deviations experience and for guided though free-hand can be
techniques 2.29°-3.51° learning curve procedures effective with expertise.
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. . . . .. Functional;
Author, Year Sstudy Des.l &n; Patient Age Procedure Type Intervention Type Prellr}trmperatwe Surgical A.“uracy Operative Complication Aesthetic Key Conclusions
ample Size Planning Protocols Metrics Parameters Rates Outcomes
CAD-based
preoperr?)tcllrxecipnlammg Enhanced Reduced operating [mproved a r(lj;lclgeg:tlfeeailine
. . . 47 years (SD 14) . Fully guided using P ans L time—savings Fewer early occlusion and Ppr .
Sieira Gil R etal., Prospective Mandibular patient-specific cutting replication of . L . . intraoperative
vs. ears . an vs. ! - ranging from complications acial aesthetics .
2015[16] study; 20 bdy reconstruction CADand RPM guides and mandibular ging from 42 pl facial aesth procedures despite
' (SD13) free-hand recontoured plates contours observed minup to 1.7h reported due to precise bone higher preoperative
cpompared to mpanual reported contact & }c)ostsp
plate bending
Useof digital planning The improved operative
Head and neck to generate Operating time Indirectly supports efficipenc anc{) time
Zweifel DF et al Prospecti 65.9 year: free-fl Fully guided (VSP patient-specific Not direct] reduced by 60-102 better functional ings of the full
wee craly ospective - years vs. cetap and 3D planning) templates, allowing otarect’y min; cost-saving N/A etter tunctiona Savuigs ot the tuiy
2015[17] Study; 9 57.5 years reconstructions : . measured . outcomes through  guided approach result
. vs. free-hand precise flap sculpting estimated at US . G
(mandibular focus) : . precision in significant
versus conventional $47.50 per minute ffocti
adjustments cost-effectiveness.
Fat reduction in
Virtual preoperative Improved fibular segment The fully guided
Fully euided planning with replication of the pr?f if;:?ntigne Improved occlusal approach markedly
Tarsitano A etal., Prospective Mandibular LY BuIee patient-specific cutting native mandibular N function and reduces operative time
) N/A . (CAD/CAM) vs. - B (free-hand) to 10 N/A - - .
2016 [18] study; 4 reconstruction guides and prebent contour; better . ; aesthetic outcomes while enhancing
free-hand min (guided), o,
plates versus free-hand lateral accuracy o reported reproducibility and
- contributing to
manual plate bending observed overall ime accuracy.
reduction
Plraer(\)IP\)iiratlZﬁ;lagtli?l Enhanced Notable decrease Fewer Fully guided techniques
. . pe 8 seneraung anatomical in ischemia time . Improved bone V8 : d
. Mandibular Fully guided vs. patient-specific guides . N alignment- P better replicate the
Wang YY etal., Retrospective . . ; accuracy with (e.g., guided group consolidation and . .
52 years reconstruction conventional compared with - . related . preoperative plan with
2016 [19] Study; 56 N X lower deviation at ~70 min) and e occlusion h L
(free fibula flap) free-hand conventional, . complications increased efficiency and
surgeon-dependent den:,:rlllsltersate d overatlilnsnlérgmal reported outcomes functional outcomes.
methods
Digital design of cutting Trend toward Accelerated Improved Fully guided
Fully guided guides ensuring precise iorl. 1 tos d P £ th Y8 i
Culié D et al Ret H 64.8 £+ 8.9 years Mandibul (CAD/CAM) b tati superior latera osteotomies due to restoration of the reconstruction offers
uie L etaly ctrospeciive 60.6 £ anatbuar S One SESMENTAON V. and vertical uided cuttin, N/A mandibular arch more reliable contour
2016 [20] study; 29 vs. oY reconstruction conventional free-hand nd vertic guided cutting, U < ore reable contou
! 10.9 years free-hand intraoperative alignment of reducing total with better restoration relative to
a djusliments fibular segments operative time symmetry conventional methods.
Objective
measures (e.g.,
Fully euided Patient-specific cutting Not numerically range of motion) CAD/CAM-assisted
Monocentric «© A%% CAM- guides and specified, but Operative time favored guided techniques improve
BouchetBetal., Retrospective 59.2 years vs. Mandibular assisted) vs precontoured plates objective measures details not N/A methods, though objective functional
2018 [21] pe 60.2 years reconstruction R developed via CAD (e.g., reduced chin i free-hand cases parameters, although
study; 25 conventional 1 deviati specified N biecti heti
free-hand Vversus manua ¢ eviation) somet1mes su ].ectlve aesthetic
techniques improved reported higher ratings may vary.
subjective

satisfaction
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. . . . .. Functional;
Author, Year Sstudy Des.l &n; Patient Age Procedure Type Intervention Type Prellr}trmperatwe Surgical A.“uracy Operative Complication Aesthetic Key Conclusions
ample Size Planning Protocols Metrics Parameters Rates Outcomes
Thorough VSP with Significantly .
Fully guided integration of multiple improved No sienificant Superior aesthetic F:ﬂlytguldec}ll‘
Bartier S et al Ret " Mandibular (CAD/CAM with anatomical checkpoints sagittal/coronal d?fﬁlgﬂ iean outcomes and recons ru; 10'réack lle\t/els
arero el al, etrospective 55.9 &+ 12.7 years reconstruction VSP and cutting and fabrication of symmetry and Hierence in N/A functional mproved midske eta
2021 [22] study; 33 . . . overall operative e symmetry and may
(free fibula flap) guides) vs. custom guides versus condyle . reproducibility
- . A time reported enhance overall
free-hand intraoperative positioning demonstrated outcomes
free-hand adjustment observed :
Fully guided Integration of 3D dental .
(Virtual Model data and cephalometric ) Achieved I
P D
Lo - iscrepancy Reduced comparable Digital VMS presents
21.9 £3.0 years Surgery, analysis with rapid within 1 mm in laborator clinical reliabilit clear workflow
Kwon TGetal., Retrospective : Y Maxillary (Le FortI VMS/Digital) vs. digital model o, oratory P y .
; vs. 23.1 + X o 63.2% of VMS fabrication time; N/A with improved advantages without
2014 [23] study; 42 osteotomy) conventional fabrication versus o - i I 7 L
5.2 years free-hand (Analo traditional cases vs. 26% in streamlined digital precision in compromising clinical
g . . AMS cases workflow angular and linear accuracy.
Model Surgery, impression-based measurement
AMS) methods casurements
. Extensive
Fully guided .
- computer-assisted . Enhanced overall L
Bimaxillar; C((():r? Stslter- preoperative planning Not Is;ﬂigcft;’;;f;: efficiency regt?cséss Slfgannlrilicr? n:ilz,ne
Schwartz HC, Retrospective Y -omprer- with multiple applicable—focus . potentially leading P &
) 28.3 years orthognathic Assisted Surgical . d . average of 865 min N/A . and may free up clinical
2014 [24] study; 30 surwer Simulation) vs appointments versus mainly on time and to 805 min per case to increased resources in
urgery wato ’ traditional manual resource use mperc surgical . v
conventional X . (~60 min saved) high-volume centers.
free-hand planning planning with dental throughput
casts
Statistically
Fully guided (3D Preoperative 3D digital significant 3D euided plannin
Randomized computer-aided modeling for soft and improvement in Operative time not Enhanced facial ofgf:rs ?m pr?)ve d &
Van Hemelen G Prospective 19.78 vears Orthognathic planning) vs. hard tissue outcomes soft tissue detailed; focus on N/A symmetry and o dictabilip for soft
etal., 2015 [25] stug .66 /oy surgery conventional versus traditional 2D prediction; hard planning better soft tissue Ptissue outctgmes n
yi free-hand (2D cephalometric analysis tissue error predictability outcomes complex cases
planning) and model fabrication differences (<2 P ’
mm) acceptable
Estimated cost
savings of
. ~$650-$930 per . o
. Digital workflow . Clinical outcomes VSP-based planning is
Bimaxillar F‘,L\l,lllt}}]-l%l]giieiélip integrating 3D-printed Not Cg;‘;’n"g;?g:;g}ietr acceptable in both demonstrably
Resnick CM Retrospective Y P splints vs. traditional applicable—focus - roups, with time-efficient and
P N/A orthognathic splints) vs P PP when splint costs N/A sroup
etal., 2016 [26] study; 43 Lo plaster model surgery on economic X digital planning cost-effective when
surgery conventional d Lsplint " are excluded; hanci ideri 1
freo-hand and manual splin parameters annual time enhancing considering overa
fabrication savings (~25 predictability resource utilization.
working days
across 200 cases)
. .- Preoperative . L
Fully guided (VSP O{gﬁi}?‘asfdddlgiﬁal Improvements in planning time imMran‘:tfgnedlorsal \liiils;gr}gllgcaggg lc;btsr
. Bimaxillary with 3D-printed P 16 requcing reproducibility reduced by proved oceit pranming time anc abor,
Wrzosek MK Prospective N ) ; extensive manual . and skeletal ultimately benefiting
. /A orthognathic splints) vs. noted (exact approximately 2.2 N/A ; A
etal., 2016 [27] study; 41 : laboratory steps i e accuracy with training and
Surgery conventional compared to traditional numbers not h; significant greater planning departmental
free-hand . provided) reduction in Lt
model preparation . efficiency throughput.
resident workload
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. . . . .. Functional;
Author, Year Study Des.l &n; Patient Age Procedure Type Intervention Type Prellr}trmperatwe Surgical A.“uracy Operative Complication Aesthetic Key Conclusions
Sample Size Planning Protocols Metrics Parameters Rates Outcomes
Utilization of Not ified in Functional VSP achieves
Fully guided (VSP)  cone-beam CT data and . orspecitiec unetiona equivalent maxillary
ional dieital simulati Mean linear error detail; emphasis on outcomes ith th
Ritto FG et al. Retrospective Maxillary vs. conventiona igital simulation approx. 1.20 mm improved comparable; accuracy with the
’ N/A NV (CMS—model versus traditional SR N/A e ’ added benefit of
2018 [28] study; 30 repositioning based dental cast i for VSP vs. 1.27 workflow in digital additional " lined
surgery-base enta cas: mounting mm for CMS preoperative planning workflow Stream ine
planning) and articulator-based planning benefits noted preoperative
model surgery procedures.
Digital planning Overall planning
performed by time savings: 36 S . VSP markedly reduces
. . - R . Maintained clinical .
. Fully guided experienced technicians Not reported— min (single-jaw) - overall planning time,
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Postoperative outcomes indicate that patients undergoing fully guided surgery ex-
perienced shorter hospital stays and fewer complications. The enhanced precision of
digital planning resulted in higher patient satisfaction scores, with improved functional
and aesthetic outcomes compared to free-hand techniques.

The comparative effectiveness of both approaches is outlined in Table 2, providing a
detailed analysis of surgical accuracy, efficiency, postoperative results, and complication
rates across various studies.

4. Discussion

Orthognathic surgery demands precise skeletal repositioning to optimize both func-
tional outcomes and facial aesthetics. A considerable body of literature has addressed the
comparative merits of fully guided, computer-assisted approaches and conventional free-
hand techniques. The former utilizes VSP, three-dimensional (3D) modeling, CAD/CAM,
and rapid prototyping to generate patient-specific cutting guides, pre-bent osteosynthe-
sis plates, and splints, thereby creating a workflow that facilitates accurate preoperative
simulation, replicable intraoperative execution, and improved predictability of outcomes.
Conversely, traditional free-hand methods rely on conventional cephalometric analyses,
stone model surgery, and manual fabrication processes that are inherently dependent on
the surgeon’s experience and can be prone to inter- and intra-operator variability.

Fully guided approaches have revolutionized preoperative planning by incorporat-
ing three-dimensional imaging, virtual surgical planning (VSP), CAD/CAM, and rapid
prototyping to generate patient-specific guides, cutting templates, and splints. The digital
methods enable surgeons to simulate skeletal movements with submillimetric precision, ef-
fectively “translating” a meticulously designed virtual plan into the operating suite [9,13,30].
On the contrary, conventional free-hand techniques rely on two-dimensional cephalometric
tracings, stone model surgery, and manual splint fabrication—a process that inherently
involves multiple laboratory steps [23,24]. Although such traditional methods can achieve
acceptable outcomes when performed by experienced surgeons, they are more susceptible
to errors due to human handling and the limitations of 2D data when representing complex
3D anatomy [12,25].

Studies consistently report that the fully guided approach yields superior accuracy and
reproducibility. For instance, Zhang L et al., 2016, found that digitally planned osteotomies
produced mean linear deviations of approximately 1.34 mm and angular deviations near
2.29°, results that are less variable than those obtained with free-hand surgery [14]. Simi-
larly, multiple articles [11,15,20] indicate that guided methods offer improved replication
of the preoperative design, with enhanced control over fibular segment positioning and
mandibular arc restoration. Even though De Maesschalck T et al., 2017, acknowledged
that highly experienced free-hand surgeons can achieve comparable outcomes, the dig-
ital approach reduces inter-operator variability and provides standardized, measurable
endpoints, thus fostering consistency across a wider range of clinical scenarios [15].

A prominent advantage of fully guided techniques is the reduction in operative time
and associated ischemia. The utilization of patient-specific guides and prebent plates
has been documented in numerous reports [9,10,17,18] to show a significant reduction
in surgical durations. The guided approach eliminates time-consuming intraoperative
adjustments, such as manual plate bending and repetitive trial fragment positioning, which
streamlines the operating room workflow. This results in measurable reductions in both
overall surgery time and flap ischemia periods. Furthermore, research conducted during
the preoperative phase [24,27,29] has demonstrated that digital planning significantly
reduces laboratory work, thereby reducing the overall planning time and alleviating the
stress on resident training schedules.
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The improved aesthetic and functional outcomes are a clear indication of the preci-
sion that computer-assisted planning provides. It is well-established that fully guided
techniques result in superior mandibular symmetry, improved occlusal relationships, and
improved condyle positioning, all of which contribute to satisfactory masticatory function
and facial aesthetics [13,21,31,32]. The guided method is frequently preferred by objec-
tive measures such as soft tissue prediction and landmark accuracy [22,25] in contexts
where subjective aesthetic preferences differ, even though certain free-hand cases exhibit
high patient satisfaction [21]. These enhancements are indispensable in complex orthog-
nathic cases, as even minor discrepancies can lead to long-term functional impairment or
facial asymmetry.

Although fully guided techniques require a higher upfront investment, due to the cost
of specialized equipment, software, and custom fabrication [16,26,30] several studies argue
that these initial expenses are offset by subsequent savings. Particularly in high-volume
centers, an overall cost-effective profile is facilitated by reduced operative time, shorter
ischemia durations, and a decrease in corrective revision surgeries [17,26]. The economic
analysis emphasizes that digital planning can result in substantial annual savings and
improved departmental efficiency when indirect costs (such as operating room time and
surgeon labor) are considered.

A further consideration is the impact on surgical training and the flexibility of the
technique. Fully guided approaches can shorten the learning curve for less experienced
surgeons by providing a clear, reproducible digital plan [11,27]. However, concerns have
been raised regarding a potential overreliance on digital workflows at the expense of
traditional tactile skills—a particularly important factor when considering unusual or
unanticipated intraoperative scenarios [12,18]. In contrast, the free-hand approach offers
greater adaptability during surgery, enabling real-time adjustments in response to intraop-
erative findings, although this flexibility may come at the cost of increased variability and
prolonged operative duration [9,19].

In maxillary repositioning and bimaxillary surgeries, both digital and conventional
techniques produce clinically acceptable outcomes. For instance, Kwon TG et al., 2014, and
Ritto FG et al., 2018 [23,28] demonstrated that the error margins for maxillary repositioning
using digital methods are within 1-2 mm, with some studies reporting better alignment
and occlusion. Additionally, Schwartz HC, 2014, and Van Hemelen G et al., 2015 [24,
25] further support that the 3D guided approach enhances soft tissue prediction and
overall symmetry, factors that are critical in achieving optimal facial balance in bimaxillary
orthognathic surgeries.

Prospectively, the integration of emerging digital technologies, such as direct dig-
ital intraoral scanning and in-house desktop 3D printing, promises to further stream-
line the fully guided approach, potentially reducing both cost and planning time even
further [26,30]. Prospective, large-scale studies are warranted to validate these early find-
ings and to determine the long-term impacts on functional outcomes, patient satisfaction,
and training paradigms.

Despite the promising outcomes associated with fully guided orthognathic surgery,
several limitations deserve consideration. In particular, the heterogeneity in study designs,
the variability of patient populations, and the use of disparate outcome measures across
the literature pose significant challenges to drawing generalized conclusions and directly
comparing digital and free-hand techniques. In addition, the practical implications of
implementing fully guided approaches extend beyond clinical accuracy: the high initial
investment for digital tools, software, and custom fabrication, coupled with the need
for specialized surgeon training, may restrict broader adoption—especially in resource-
constrained settings. These fiscal and infrastructural constraints underscore the necessity for
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standardized protocols and cost-effective strategies, as well as enhanced training curricula
that integrate both digital and traditional surgical skills. Future investigations should
prioritize robust, multicenter studies that not only harmonize methodological approaches
but also explore scalable implementation models to bridge the gap between technological
advancements and real-world surgical practice.

5. Conclusions

Fully guided techniques in orthognathic surgery substantially improve surgical pre-
cision, reproducibility, and workflow efficiency in comparison to traditional free-hand
methods. The consistent replication of preoperative simulations and submillimetric ac-
curacy is made possible by digital planning and patient-specific guides, which leads to
enhanced functional and aesthetic outcomes with a reduced operative time. The overall
benefits of these computer-assisted approaches, which include reduced variability and
potential cost-effectiveness in high-volume settings, emphasize the transformative po-
tential, despite the initial investment and potential loss of intraoperative flexibility. The
validation of long-term results and the investigation of hybrid strategies that integrate the
adaptability of traditional techniques with digital precision should be the primary focus of
future research.
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