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Abstract 
 

With the incorporation of digital innovations, orthognathic surgery has progressed toward greater precision and 

predictability. Traditional free-hand procedures depend largely on operator skill, often producing inconsistent outcomes. 

In contrast, fully guided systems utilize computer-assisted techniques such as virtual surgical planning (VSP), CAD/CAM 

fabrication, and intraoperative navigation to increase accuracy and efficiency. This review contrasts both strategies, 

evaluating their influence on surgical precision, workflow efficiency, and patient-centered outcomes. A scoping review 

was performed using PubMed, MEDLINE, Scopus, Cochrane Library, and Embase. Clinical trials and cohort 

investigations were included. The main parameters of interest were accuracy of skeletal positioning, surgical time, 

complication incidence, and both functional and esthetic results. Digitally guided surgery achieved near sub-millimeter 

fidelity, with mean linear deviation ranging between 1.3–2.4 mm and angular variation of 2.29°–3.51°. These approaches 

also shortened operative duration, averaging 34 minutes to 1.7 hours, while lowering complication rates. Digital protocols 

improved reproducibility and esthetic predictability. In contrast, free-hand surgery, though less expensive, relied heavily 

on surgical expertise, generally produced higher variability, and was associated with longer recovery periods. Computer-

aided orthognathic methods outperform conventional techniques in accuracy and predictability, enhancing overall 

efficiency. While manual methods remain acceptable for less complex cases, fully guided surgery represents the optimal 

standard for complex reconstructions. Future work should explore hybrid models that balance digital accuracy with the 

adaptability of free-hand execution. 
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Introduction 

The adoption of digital systems has fundamentally reshaped orthognathic surgery, yielding improved precision, predictability, 

and clinical outcomes. Historically, skeletal repositioning depended on free-hand procedures, occlusal splints, and 

intraoperative judgment. Such techniques are inherently influenced by operator variability, contributing to discrepancies in 

skeletal alignment and extended hospitalization [1, 2]. 
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The emergence of computer-assisted surgery has further advanced the field, incorporating artificial intelligence (AI), 3D 

imaging, real-time navigation, augmented reality, and intraoperative visualization to refine accuracy. Preoperative virtual 

planning enables surgeons to anticipate anatomical variation, reduce soft tissue trauma, and improve safety margins. By 

integrating VSP with CAD/CAM, customized guides and patient-specific plates can be fabricated, facilitating more 

predictable execution and superior esthetic and functional results [3-5]. 

Recent evidence shows that navigation-based approaches significantly enhance vertical control, one of the most challenging 

dimensions for conventional methods. These systems routinely achieve precision within 2 mm, outperforming occlusal wafers 

for cranial–caudal alignment [6]. Furthermore, augmented reality–assisted free-hand approaches, which employ 

electromagnetic tracking and external reference markers, offer enhanced visualization and intraoperative guidance [2]. 

Nevertheless, manual techniques retain relevance in relatively straightforward cases due to their affordability, though they 

are frequently associated with longer hospitalization and less predictable outcomes. The hierarchy of surgical stability in 

orthognathic procedures suggests that maxillary expansion and mandibular rotation are more prone to relapse, emphasizing 

the importance of advanced preoperative planning [7]. 

This scoping review therefore aims to comprehensively examine fully guided strategies versus free-hand surgery in 

orthognathics, weighing their benefits, drawbacks, and clinical implications. By synthesizing available research on virtual 

planning, navigation, and guide fabrication, the review highlights how digital technologies are reshaping surgical accuracy 

and patient care. 

Materials and Methods 

A scoping review methodology was chosen instead of a systematic review due to substantial heterogeneity among studies, 

including differences in study design, surgical planning, operative execution, and reported outcomes when comparing fully 

guided and free-hand orthognathic techniques. This approach allows for a broad overview of available evidence, highlighting 

patterns and gaps without forcing inconsistent data into a meta-analytic framework. The review aims to summarize 

reproducibility, efficiency, clinical performance, and implementation strategies of both surgical approaches, providing 

foundational insight for future research and clinical integration of computer-assisted orthognathic procedures. A detailed 

protocol guided the review process, and all reporting adhered to the PRISMA-ScR checklist (see Supplementary Table S1) 

[8]. 

Research question formulation 

The review question was constructed using the PICO framework (Population, Intervention, Comparator, Outcome), 

summarized in Table 1: 

Table 1. 

Component Description 

Population (P) Patients aged ≥18 years undergoing orthognathic surgical procedures 

Intervention (I) Digitally guided surgical methods, including virtual planning, CAD/CAM technology, and 3D imaging techniques 

Comparator (C) Traditional manual surgical approaches 

Outcome (O) Precision of surgery, operational efficiency, aesthetic and functional results, and minimization of complications 

 

“For adult patients (≥18 years) undergoing orthognathic surgery, what is the evidence from the past 20 years that fully guided, 

computer-assisted methods (including virtual surgical planning, CAD/CAM, and 3D imaging) improve surgical accuracy, 

operative efficiency, functional and aesthetic results, and reduce complication rates, compared to conventional free-hand 

techniques?” 

Search strategy and study identification 

On 1 May 2025, a comprehensive search was performed in PubMed, MEDLINE, Scopus, Cochrane Library, and Embase. 

Search terms combined MeSH headings and free-text keywords relevant to orthognathic surgery and surgical guidance 

methods. 

For PubMed/MEDLINE/Cochrane/Embase: 
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("orthognathic surgical procedures"[MeSH] OR ("orthognathic"[All Fields] AND "surgical"[All Fields] AND 

"procedures"[All Fields])  

OR "orthognathic surgery"[All Fields] OR "jaw surgery"[All Fields])  

AND (("free"[All Fields] AND ("hand"[MeSH] 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 Scopus: 

(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)) 

Additionally, references of included studies were manually reviewed to identify further relevant publications. 

Study selection—Eligibility and screening 

This review was confined to complete research articles published in English within peer-reviewed journals. To be considered, 

studies needed to satisfy the following requirements: participants had to be adults (≥18 years) undergoing orthognathic 

procedures; acceptable study types included clinical trials, retrospective or prospective cohort studies, or case reports; the 

primary focus had to be a comparison between fully guided (computer-assisted, digital) techniques and traditional free-hand 

methods in orthognathic surgery, with outcomes addressing surgical precision, efficiency, function, aesthetics, and 

complication frequency; and the publication date had to fall between 2001 and 2025. Excluded works included duplicate 

entries, review papers, systematic reviews, meta-analyses, protocols, guidelines, animal-based studies, abstracts from 

conferences, presentations, preprints, ongoing clinical trials, studies without published findings, and any research deemed 

irrelevant. 

Following these exclusion rules—applied via automated systems and manual researcher checks—the final article pool was 

obtained. Title and abstract screening was performed independently and in a blinded manner by two reviewers (I.K. and S.T.). 

Articles that passed this stage underwent full-text examination to confirm eligibility. Any disagreements in screening 

decisions were resolved with the input of a third reviewer (T.P.). 

Data charting 

Information from the included studies was systematically collected by the lead reviewers (I.K. and S.T.). Extracted data points 

consisted of: first author, year of publication, study methodology, sample size, and patient demographics (mean age). Surgical 

details were also documented, including the type of procedure (mandibular, maxillary, or bimaxillary), the intervention model 

(fully guided digital workflows using VSP, CAD/CAM, and 3D imaging versus conventional free-hand methods), and 

perioperative planning protocols. Outcomes were recorded, encompassing measures of surgical precision (linear/angular 

deviation, occlusal alignment, condylar position), operative details (duration of surgery, ischemia period, and planning time), 

complication rates, and both functional and cosmetic results (including patient-reported satisfaction when noted). Final study 

conclusions were summarized to reflect comparative insights between digital fully guided and free-hand techniques. 

Collating, summarizing, and reporting results 

Collected data were organized into summary tables to allow descriptive examination. Since this work was a scoping review, 

no meta-analysis was conducted. Instead, a qualitative synthesis of findings was undertaken to evaluate differences between 

fully guided and conventional free-hand orthognathic approaches. The synthesis emphasized contrasts in surgical precision, 

efficiency, aesthetic and functional outcomes, and complication rates, thereby outlining the current knowledge base and 

highlighting research gaps requiring further study. 

Results 

The PRISMA flowchart (Figure 1) presents the selection and exclusion pathway. An initial 427 records were identified across 

the databases (PubMed and MEDLINE, n = 208; Scopus, n = 183; Cochrane and Embase, n = 36). Automated screening 
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removed 319, leaving 108 for closer inspection. From these, 24 duplicates were manually excluded. Next, 73 studies were 

eliminated during abstract/title screening due to ineligible design. The full-text assessment of 11 remaining papers confirmed 

all met inclusion criteria. Reference checking contributed 14 more relevant studies. In total, 25 studies were included in this 

scoping review. 

 
Figure 1. PRISMA Flow Chart 

 

The selected studies were published from 2013 to 2022 (Table 2). Across several investigations, fully guided surgical 

techniques showed higher precision, with intraoperative navigation producing linear deviations between 1.34 mm and 2.4 

mm and angular deviations ranging from 2.29° to 3.51°, most notably in vertical alignment. Digital approaches, including 

virtual surgical planning (VSP) and CAD/CAM, enabled accurate skeletal repositioning, minimizing intraoperative 

corrections and enhancing postoperative symmetry. 

 

Table 2. Summary of Results from Included Studies 

Resear

ch, 

Year 

Study 

Design; 

Sample 

Size 

Pati

ent 

Age 

Procedure Method 
Planning 

Approach 

Accurac

y 

Measure

s 

Surgical 

Efficienc

y 

Adve

rse 

Even

ts 

Clinica

l and 

Aesthe

tic 

Outco

mes 

Primary 

Conclus

ions 

Hanaso

no MM 

et al. 

[9] 

Case-

Control; 

38 

51.0 

± 

17.4 

years 

Mandibular 

reconstruction 

Digitally 

guided 

(CAD/RPM

) vs. 

manual 

Virtual 

planning 

with custom 

guides and 

pre-shaped 

hardware 

vs. 

intraoperati

ve manual 

decisions 

Reduced 

positiona

l errors; 

improve

d 

symmetr

y 

Significa

nt time 

reduction, 

especially 

in single-

flap cases 

Not 

report

ed 

Enhanc

ed bone 

alignm

ent and 

facial 

aestheti

cs 

Guided 

techniqu

es offer 

superior 

precisio

n and 

faster 

surgery. 
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Ma H 

et al. 

[10] 

Retrosp

ective; 

118 

55.8 

± 18 

years 

Orthognathic/m

axillofacial 

reconstruction 

Digital 

surgery 

(CAS) vs. 

manual 

3D virtual 

modeling 

with 

tailored 

templates 

vs. 

conventiona

l manual 

planning 

Similar 

postoper

ative 

alignmen

t; no 

detailed 

metrics 

Decrease

d surgery 

duration, 

ischemia, 

bleeding, 

and 

hospital/I

CU stays 

Fewe

r 

early 

adver

se 

event

s in 

guide

d 

group 

Compa

rable 

bite 

functio

n; 

slight 

patient-

reporte

d 

variatio

ns 

Digital 

surgery 

reduces 

resource 

use with 

similar 

long-

term 

results. 

Liu YF 

et al., 

2014 

[11] 

Retrosp

ective; 

15 

39.8 

years 

Mandibular 

reconstruction 

Template-

guided vs. 

manual 

3D 

preoperativ

e modeling 

with guides 

vs. 

surgeon’s 

real-time 

judgment 

~2.40 

mm 

length 

error; 

~3.51° 

angular 

error 

~2 h 

reduction 

in surgery 

time 

Fewe

r 

early 

issues 

(1/15 

vs. 

2/7) 

Minor 

functio

nal 

gains; 

both 

restore

d 

accepta

ble 

aestheti

cs 

Guided 

approac

h 

improve

s 

accuracy 

and 

shortens 

surgery 

time. 

Ciocca 

L et al. 

[12] 

Prospec

tive; 10 

Not 

speci

fied 

Maxillofacial 

surgery 

CAD/CAM

-guided vs. 

manual pre-

plating 

Custom 

CAD-

generated 

guides vs. 

intraoperati

ve manual 

adjustments 

Better 

lateral/ar

ch fit; 

vertical 

differenc

es not 

significa

nt 

Surgical 

time not 

specified 

Not 

report

ed 

Slightl

y 

improv

ed 

consist

ency 

with 

guided 

method 

Guided 

methods 

enhance 

reproduc

ibility, 

though 

skilled 

manual 

surgery 

is 

compara

ble. 

Weitz J 

et al. 

[13] 

Retrosp

ective; 

50 

56 

years 

(SD 

13) 

vs. 

55 

years 

(SD 

16) 

Mandibular 

reconstruction 

VSP-guided 

with 3D 

models vs. 

manual 

Comprehen

sive digital 

planning 

with custom 

guides vs. 

manual 

intraoperati

ve approach 

Smaller 

mandibul

ar angle 

errors 

~34 min 

less 

surgery 

time; 

better 

bone 

healing 

Simil

ar 

early 

adver

se 

event 

rates 

Improv

ed bite 

alignm

ent, 

symme

try, and 

bone 

union 

Digital 

planning 

improve

s 

predicta

bility in 

complex 

cases. 

Zhang 

L et al. 

[14] 

Retrosp

ective; 

22 

35.5 

years 

Mandibular 

reconstruction 

CAD/CAM

-guided vs. 

manual 

Virtual 

planning 

with 

tailored 

guides vs. 

manual 

intraoperati

ve 

adjustments 

~1.34 

mm 

length 

error; 

~2.29° 

angular 

error 

Reduced 

ischemia 

(~52.5 

min vs. 

94.2 min) 

Not 

report

ed 

Enhanc

ed bite 

and 

bone 

contact

; better 

symme

try 

Guided 

methods 

reduce 

errors 

and 

surgical 

duration. 

De 

Maessc

halck T 

et al. 

[15] 

Retrosp

ective; 

18 

65.8 

years 

vs. 

55.9 

years 

Mandibular 

reconstruction 

CAS-

guided vs. 

manual 

3D virtual 

planning 

with custom 

tools vs. 

traditional 

manual 

methods 

Length 

errors 

1.3–2.4 

mm; 

angular 

errors 

2.29°–

3.51° 

Compara

ble 

outcomes

; 

influence

d by 

surgeon 

skill 

Simil

ar 

adver

se 

event 

rates 

Accept

able 

shape 

outcom

es; 

minor 

guided 

CAS 

enhance

s 

consiste

ncy, 

particula

rly for 

less 
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benefit

s 

experien

ced 

surgeons

. 

Sieira 

Gil R 

et al. 

[16] 

Prospec

tive; 20 

47 

years 

(SD 

14) 

vs. 

64 

years 

(SD 

13) 

Mandibular 

reconstruction 

CAD/RPM-

guided vs. 

manual 

CAD-

designed 

custom 

guides and 

pre-shaped 

plates vs. 

manual 

plate 

shaping 

Improve

d 

mandibul

ar shape 

replicatio

n 

42 min to 

1.7 h time 

savings 

Redu

ced 

early 

adver

se 

event

s 

Better 

bite 

and 

aestheti

cs from 

precise 

bone 

contact 

Guided 

methods 

streamli

ne 

surgery 

despite 

higher 

planning 

costs. 

Zweife

l DF et 

al. [17] 

Prospec

tive; 9 

65.9 

years 

vs. 

57.5 

years 

Head/neck 

free-flap 

reconstruction 

(mandibular) 

VSP/3D-

guided vs. 

manual 

Digital 

planning for 

precise flap 

shaping vs. 

manual 

adjustments 

Not 

directly 

measure

d 

60–102 

min time 

reduction

; 

~$47.50/

min 

savings 

Not 

report

ed 

Indirect

ly 

improv

ed 

functio

n via 

precisi

on 

Guided 

methods 

improve 

efficienc

y and 

cost 

savings. 

Tarsita

no A et 

al. [18] 

Prospec

tive; 4 

Not 

speci

fied 

Mandibular 

reconstruction 

CAD/CAM

-guided vs. 

manual 

Virtual 

planning 

with custom 

guides and 

pre-shaped 

plates vs. 

manual 

plate 

shaping 

Better 

native 

shape 

replicatio

n; 

improve

d lateral 

precision 

Fibular 

prep 

reduced 

from 26 

min to 10 

min 

Not 

report

ed 

Enhanc

ed bite 

functio

n and 

aestheti

cs 

Guided 

methods 

reduce 

time and 

improve 

accuracy

. 

Wang 

YY et 

al. [19] 

Retrosp

ective; 

56 

52 

years 

Mandibular 

reconstruction 

(fibula flap) 

Guided vs. 

manual 

Digital 

planning 

with custom 

guides vs. 

surgeon-

driven 

methods 

Higher 

anatomic

al 

precision

; lower 

errors 

~70 min 

ischemia 

time; 

shorter 

overall 

surgery 

Fewe

r 

align

ment 

issues 

Better 

bone 

healing 

and 

bite 

outcom

es 

Guided 

methods 

enhance 

plan 

executio

n and 

efficienc

y. 

Culié 

D et al. 

[20] 

Retrosp

ective; 

29 

64.8 

± 8.9 

years 

vs. 

60.6 

± 

10.9 

years 

Mandibular 

reconstruction 

CAD/CAM

-guided vs. 

manual 

Digital 

guides for 

precise 

bone cuts 

vs. manual 

intraoperati

ve 

adjustments 

Improve

d fibular 

alignmen

t 

(lateral/v

ertical) 

Faster 

osteotomi

es; 

reduced 

total 

surgery 

time 

Not 

report

ed 

Better 

mandib

ular 

arch 

restorat

ion and 

symme

try 

Guided 

methods 

improve 

contour 

reliabilit

y. 

Bouche

t B et 

al. [21] 

Monoce

ntric 

Retrosp

ective; 

25 

59.2 

years 

vs. 

60.2 

years 

Mandibular 

reconstruction 

CAD/CAM

-assisted vs. 

manual 

Custom 

guides and 

pre-shaped 

plates vs. 

manual 

techniques 

Reduced 

chin 

deviation

; better 

objective 

metrics 

Surgical 

time not 

specified 

Not 

report

ed 

Better 

range 

of 

motion; 

subjecti

ve 

satisfac

tion 

varies 

CAD/C

AM 

improve

s 

objectiv

e 

function

al 

outcome

s. 
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Bartier 

S et al. 

[22] 

Retrosp

ective; 

33 

55.9 

± 

12.7 

years 

Mandibular 

reconstruction 

(fibula flap) 

CAD/CAM

/VSP-

guided vs. 

manual 

VSP with 

anatomical 

checkpoints 

and custom 

guides vs. 

manual 

adjustments 

Better 

sagittal/c

oronal 

symmetr

y and 

condyle 

placeme

nt 

No 

notable 

time 

differenc

e 

Not 

report

ed 

Superio

r 

aestheti

cs and 

functio

nal 

consist

ency 

Guided 

methods 

enhance 

skeletal 

symmetr

y and 

outcome

s. 

Kwon 

TG et 

al. [23] 

Retrosp

ective; 

42 

21.9 

± 3.0 

years 

vs. 

23.1 

± 5.2 

years 

Maxillary (Le 

Fort I 

osteotomy) 

Digital 

VMS vs. 

manual 

AMS 

3D 

dental/ceph

alometric 

data vs. 

traditional 

impressions 

63.2% 

VMS vs. 

26% 

AMS 

with <1 

mm error 

Reduced 

lab time; 

streamlin

ed digital 

process 

Not 

report

ed 

Compa

rable 

reliabili

ty; 

better 

precisi

on 

Digital 

VMS 

improve

s 

workflo

w 

without 

sacrifici

ng 

accuracy

. 

Schwar

tz HC,  

[24] 

Retrosp

ective; 

30 

28.3 

years 

Bimaxillary 

orthognathic 

surgery 

CASS-

guided vs. 

manual 

Comprehen

sive digital 

planning vs. 

traditional 

cast-based 

planning 

Not 

applicabl

e—focus 

on 

time/reso

urces 

~60 min 

saved 

(865 min 

to 805 

min) 

Not 

report

ed 

Improv

ed 

efficien

cy; 

potenti

al for 

higher 

through

put 

CASS 

reduces 

planning 

time and 

resource 

use. 

Van 

Hemel

en G et 

al. [25] 

Random

ized 

Prospec

tive; 66 

19.7

8 

years 

Orthognathic 

surgery 

3D-guided 

vs. 2D 

manual 

3D digital 

modeling 

vs. 2D 

cephalometr

ic analysis 

Better 

soft 

tissue 

predictio

n; <2 

mm hard 

tissue 

errors 

Focus on 

planning 

predictabi

lity; time 

not 

detailed 

Not 

report

ed 

Improv

ed 

facial 

symme

try and 

soft 

tissue 

results 

3D 

planning 

enhance

s soft 

tissue 

outcome 

predictio

n. 

Resnic

k CM 

et al. 

[26] 

Retrosp

ective; 

43 

Not 

speci

fied 

Bimaxillary 

orthognathic 

surgery 

VSP/3D-

printed 

splints vs. 

manual 

Digital 

workflow 

with 3D-

printed 

splints vs. 

plaster 

model 

surgery 

Not 

applicabl

e—focus 

on cost 

~$650–

$930 

savings; 

~25 days 

saved 

annually 

Not 

report

ed 

Compa

rable 

outcom

es; 

better 

predict

ability 

VSP 

improve

s time 

and cost 

efficienc

y. 

Wrzose

k MK 

et al. 

[27] 

Prospec

tive; 41 

Not 

speci

fied 

Bimaxillary 

orthognathic 

surgery 

VSP/3D-

printed 

splints vs. 

manual 

Digital 

office-based 

planning vs. 

manual lab-

intensive 

prep 

Enhance

d 

consisten

cy 

~2.2 h 

planning 

time 

reduction

; less 

resident 

workload 

Not 

report

ed 

Maintai

ned or 

improv

ed 

bite/ske

letal 

precisi

on 

VSP 

reduces 

planning 

time and 

labor. 

Ritto 

FG et 

al. [28] 

Retrosp

ective; 

30 

Not 

speci

fied 

Maxillary 

repositioning 

VSP-guided 

vs. CMS 

Cone-beam 

CT/digital 

simulation 

vs. 

articulator-

based 

model 

surgery 

~1.20 

mm VSP 

vs. 1.27 

mm 

CMS 

error 

Improved 

workflow

; time not 

specified 

Not 

report

ed 

Compa

rable 

functio

n; 

better 

plannin

g 

VSP 

matches 

accuracy 

with 

streamli

ned 

planning

. 
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efficien

cy 

Steinh

uber T 

et al. 

[29] 

Prospec

tive 

Control; 

40 

24.6 

years 

Orthognathic 

surgery 

(single/double-

jaw) 

Office-

based VSP 

vs. manual 

Digital 

planning by 

technicians 

vs. manual 

lab prep 

Not 

reported

—focus 

on 

planning 

time 

36 min 

(single-

jaw), 74 

min 

(double-

jaw) 

saved 

Not 

report

ed 

Maintai

ned 

outcom

es; 

better 

workfl

ow 

VSP 

reduces 

planning 

time and 

resident 

workloa

d. 

Schnei

der D 

et al. 

[30] 

Random

ized 

Controll

ed 

Trial; 

21 

31.1 

years 

Orthognathic 

surgery 

VSP/CAD/

CAM/3D 

printing vs. 

manual 

Advanced 

digital 

workflow 

vs. 

cephalometr

ic/stone 

model 

adjustments 

Reduced 

angular 

errors 

(SNA, 

SNB, 

ANB); 

better 

splint fit 

~31% 

less time 

for splint 

interventi

ons 

Not 

report

ed 

Improv

ed 

functio

n and 

symme

try 

VSP 

enhance

s 

precisio

n and 

surgical 

efficienc

y. 

Al-

Sabahi 

ME et 

al. [31] 

Prospec

tive 

Random

ized 

Control 

Trial; 

22 

41 ± 

18.5 

years 

vs. 

47.8

1 ± 

13.6 

years 

Mandibular 

reconstruction 

CAD/CAM

-assisted 

(COG) vs. 

manual 

(MB) 

Digital 

planning 

with custom 

guides/plate

s vs. 

manual 

reconstructi

on 

Better 

contour 

symmetr

y; 

reduced 

angular 

errors 

Shorter 

surgery/is

chemia 

times 

Not 

report

ed 

Higher 

satisfac

tion 

(VAS, 

PSS); 

better 

aestheti

cs 

Guided 

methods 

improve 

symmetr

y and 

efficienc

y. 

Bao T 

et al. 

[32] 

Retrosp

ective; 

35 

Not 

speci

fied 

Mandibular 

reconstruction 

CAD/CAM

-guided vs. 

manual 

3D 

modeling 

with custom 

guides/plate

s vs. 

intraoperati

ve 

judgment 

Improve

d 

osteotom

y angles, 

segment 

lengths, 

positioni

ng 

~70 min 

vs. 120–

180 min 

ischemia; 

shorter 

surgery 

Not 

report

ed 

Better 

bite, 

symme

try; less 

trauma 

CAD/C

AM 

enhance

s 

accuracy 

and 

reduces 

time. 

Ritschl 

LM et 

al. [33] 

Retrosp

ective; 

30 

63.0

7 ± 

8.08 

years 

vs. 

61.9

4 ± 

11.6

4 

years 

Mandibular 

reconstruction 

CAD/CAM

/VSP-

guided vs. 

manual 

3D 

modeling 

with custom 

guides/plate

s vs. 

manual 

adjustments 

Better 

native 

anatomy 

replicatio

n; similar 

function 

~35 min 

surgery 

time 

savings 

No 

signif

icant 

differ

ence 

Compa

rable 

functio

n; 

better 

predict

ability 

in 

comple

x cases 

Guided 

methods 

improve 

contour 

replicati

on and 

reduce 

time. 

 

Regarding surgical efficiency, computer-assisted methods consistently shortened operative duration compared with 

conventional free-hand approaches, with time savings ranging from 34 minutes to 1.7 hours. The integration of pre-bent 

fixation plates and customized cutting guides streamlined intraoperative steps, and multiple reports noted a decrease in overall 

operative time. Additionally, improved preoperative simulation contributed to faster execution in the operating room and 

fewer intraoperative modifications. 

Post-surgical findings showed that patients treated with fully guided approaches had shorter hospitalizations and a lower 

incidence of complications. Digital planning accuracy translated into higher satisfaction ratings, with measurable 

improvements in both functional recovery and cosmetic outcomes compared to traditional methods. 

Table 2 outlines the comparative performance of guided versus free-hand techniques, detailing findings on accuracy, 

efficiency, postoperative recovery, and complication incidence. 
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Discussion 

Orthognathic procedures require exact skeletal repositioning to achieve both functional correction and facial harmony. A 

growing body of research has examined the advantages and drawbacks of digital, fully guided surgery relative to conventional 

free-hand methods. Computer-assisted workflows employ VSP, 3D imaging, CAD/CAM, and rapid prototyping to fabricate 

customized guides, pre-shaped fixation plates, and splints, creating a process that allows accurate virtual planning, 

reproducible intraoperative transfer, and predictable results. In contrast, free-hand techniques utilize two-dimensional 

cephalometric analyses, dental model surgery, and manually constructed splints, methods that are more dependent on surgeon 

skill and subject to both inter- and intra-operator variability. 

Digital workflows have transformed preoperative preparation through 3D visualization, VSP, CAD/CAM, and prototyping, 

generating patient-specific templates and guides that allow skeletal repositioning to be simulated with sub-millimetric 

precision. These carefully designed virtual plans can then be executed in the operating room [9, 13, 30]. Conversely, free-

hand strategies rely on 2D tracings, model surgery, and manual splint construction, involving several laboratory steps [23, 

24]. While such methods may yield acceptable outcomes in expert hands, they carry higher risks of error due to the limitations 

of 2D data in representing complex 3D structures [12, 25]. 

The literature consistently demonstrates that guided surgery provides superior reproducibility and accuracy. For example, 

Zhang et al. reported digitally designed osteotomies with mean linear errors of ~1.34 mm and angular deviations of ~2.29°, 

values that were more consistent than those from free-hand surgery [14]. Likewise, other studies [11, 15, 20] highlight that 

guided approaches achieve better replication of preoperative plans, with improved control of fibular positioning and 

mandibular alignment. Although De Maesschalck T. et al. acknowledged that highly skilled free-hand surgeons can 

sometimes reach similar outcomes, digital workflows minimize inter-surgeon variability and establish standardized, 

quantifiable outcomes, supporting greater consistency across diverse cases [15]. 

One of the most notable benefits of guided methods is the reduction in operating time and ischemia duration. Numerous 

reports [9, 10, 17, 18] confirm that the use of customized guides and preformed plates significantly decreases surgery duration. 

The guided technique avoids labor-intensive intraoperative adjustments, such as manual plate bending and repeated fragment 

repositioning, thus optimizing efficiency in the operating theater. As a result, both total operative time and flap ischemia 

intervals are shortened. Additionally, research on preoperative preparation [24, 27, 29] has shown that digital planning 

reduces laboratory workload and decreases total planning time, while also easing the demands on surgical training programs. 

The clear gains in both functional and cosmetic results highlight the accuracy achievable with digital planning systems. 

Numerous reports confirm that fully guided surgery enhances mandibular balance, produces more stable occlusion, and 

optimizes condylar seating—factors closely tied to effective chewing and overall facial harmony [13, 21, 31, 32]. Even in 

situations where patients express satisfaction with free-hand operations [21], quantitative measures such as soft tissue 

forecasting and reference point accuracy [22, 25] tend to favor guided approaches. Such refinements are particularly critical 

in complex reconstructions, where small positional errors can eventually cause asymmetry or impaired function. 

Although the digital route involves higher start-up costs due to specialized hardware, software, and custom fabrication [16, 

26, 30], multiple cost–benefit analyses argue that these are balanced by downstream savings. In high-throughput surgical 

centers, cost-effectiveness emerges through shortened procedures, reduced ischemia intervals, and fewer revision cases [17, 

26]. When indirect expenditures such as operative room occupancy and surgeon hours are included, yearly savings and 

departmental efficiency improve considerably. 

Training implications are also significant. Digital planning offers novice surgeons a reproducible roadmap, helping shorten 

the learning curve [11, 27]. At the same time, concerns exist that dependence on computer-generated guides may limit the 

development of manual dexterity needed in unexpected intraoperative situations [12,18]. By contrast, the free-hand style 

allows immediate modifications during surgery, though this adaptability often leads to longer operations and less consistency 

[9, 19]. 

For maxillary repositioning and double-jaw surgeries, both strategies produce acceptable results. For example, Kwon TG et 

al. (2014) and Ritto FG et al. [23, 28] reported error margins of 1–2 mm when using digital planning, sometimes with superior 
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occlusion and skeletal alignment. Further, Schwartz [24] and Van Hemelen [25] demonstrated that 3D-guided planning 

improves soft tissue projection and overall facial symmetry—essential for balanced outcomes in bimaxillary cases. 

Looking ahead, newer innovations such as intraoral digital scanning and office-based 3D printing are expected to make guided 

surgery faster and more affordable [26, 30]. However, broader validation through large-scale, prospective studies is still 

required to confirm benefits for long-term function, aesthetics, patient-reported outcomes, and surgical education. 

Despite strong evidence in favor of guided systems, several constraints remain. The diversity of methodologies, patient 

cohorts, and assessment metrics across published studies complicates direct comparison. Furthermore, real-world adoption 

requires substantial infrastructure, upfront financial investment, and specialized training, which may limit feasibility in low-

resource settings. This highlights the need for unified protocols, scalable cost-management strategies, and training models 

that integrate both digital and traditional skills. Future work should prioritize multicenter trials with standardized designs to 

clarify clinical impact and to support wider integration into surgical practice. 

Conclusions 

Digitally guided orthognathic surgery clearly surpasses traditional free-hand methods in terms of accuracy, reproducibility, 

and operative efficiency. Patient-specific planning tools allow near-perfect transfer of virtual simulations into the operating 

room, yielding improved function, better symmetry, and shorter surgical times. The benefits—including lower variability and 

possible long-term cost savings in busy clinical environments—point to its transformative role. Nonetheless, initial costs and 

reduced flexibility during surgery remain obstacles. Future research should emphasize long-term validation and investigate 

hybrid workflows that merge the adaptability of free-hand surgery with the precision of digital systems. 

Acknowledgments: None 

Conflict of interest: None 

Financial support: None 

Ethics statement: None 

 

References 

1. Lee YJ, Kim SG. Custom surgical guide for orthognathic surgery. Oral Biol Res. 2025;49:1. 

2. Kim SH, Lee SJ, Choi MH, Yang HJ, Kim JE, Huh KH, et al. Quantitative augmented reality-assisted free-hand 

orthognathic surgery using electromagnetic tracking and skin-attached dynamic reference. J Craniofac Surg. 

2020;31:2175–81. 

3. Kwon TG. Application of 3D technology for orthognathic surgery. In: Handbook of oral and maxillofacial surgery and 

implantology. Cham: Springer International Publishing; 2024. p. 1–15. 

4. Shetty SK, Kasrija R. Analog to digital diagnosis and planning in orthognathic surgery: A narrative review. Cureus. 

2025;17:e80858. 

5. Ha SH, Youn SM, Kim CY, Jeong CG, Choi JY. Surgical accuracy of 3D virtual surgery and CAD/CAM-assisted 

orthognathic surgery for skeletal class III patients. J Craniofac Surg. 2023;34:96–102. 

6. Kang DH. Intraoperative navigation in craniofacial surgery. Arch Craniofac Surg. 2024;25:209–16. 

7. Junior OH, Guijarro-Martínez R, de Sousa Gil AP, da Silva Meirelles L, Scolari N, Muñoz-Pereira ME, et al. Hierarchy 

of surgical stability in orthognathic surgery: Overview of systematic reviews. Int J Oral Maxillofac Surg. 2019;48:1415–

33. 

8. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA extension for scoping reviews 

(PRISMAScR): Checklist and explanation. Ann Intern Med. 2018;169:467–73. 

9. Hanasono MM, Skoracki RJ. Computer-assisted design and rapid prototype modeling in microvascular mandible 

reconstruction. Laryngoscope. 2013;123:597–604. 



Patatou et al., 

 

 

 
 

 Annals of Orthodontics and Periodontics Specialty | 2025 | Volume 5 | Page 39-50 
 

 

49 

10. Ma H, Shujaat S, Bila M, Sun Y, Vranckx J, Politis C, et al. Computer-assisted versus traditional freehand technique for 

mandibular reconstruction with free vascularized fibular flap: A matched-pair study. J Plast Reconstr Aesthet Surg. 

2021;74:3031–9. 

11. Liu Y, Xu L, Zhu H, Liu SSY. Technical procedures for template-guided surgery for mandibular reconstruction based 

on digital design and manufacturing. Biomed Eng Online. 2014;13:63. 

12. Ciocca L, Marchetti C, Mazzoni S, Baldissara P, Gatto MR, Cipriani R, et al. Accuracy of fibular sectioning and insertion 

into a rapid-prototyped bone plate for mandibular reconstruction using CAD-CAM technology. J Craniomaxillofac Surg. 

2015;43:28–33. 

13. Weitz J, Bauer FJM, Hapfelmeier A, Rohleder NH, Wolff KD, Kesting MR. Accuracy of mandibular reconstruction by 

three-dimensional guided vascularised fibular free flap after segmental mandibulectomy. Br J Oral Maxillofac Surg. 

2016;54:506–10. 

14. Zhang L, Liu Z, Li B, Yu H, Shen SG, Wang X. Evaluation of computer-assisted mandibular reconstruction with 

vascularized fibular flap compared to conventional surgery. Oral Surg Oral Med Oral Pathol Oral Radiol. 2016;121:139–

48. 

15. De Maesschalck T, Courvoisier DS, Scolozzi P. Computer-assisted versus traditional freehand technique in fibular free 

flap mandibular reconstruction: A morphological comparative study. Eur Arch Otorhinolaryngol. 2017;274:517–26. 

16. Gil RS, Roig AM, Obispo CA, Morla A, Pagès CM, Perez JL. Surgical planning and microvascular reconstruction of 

the mandible with a fibular flap using computer-aided design, rapid prototype modelling, and precontoured titanium 

reconstruction plates: A prospective study. Br J Oral Maxillofac Surg. 2015;53:49–53. 

17. Zweifel DF, Simon C, Hoarau R, Pasche P, Broome M. Are virtual planning and guided surgery for head and neck 

reconstruction economically viable? J Oral Maxillofac Surg. 2015;73:170–5. 

18. Tarsitano A, Battaglia S, Ciocca L, Scotti R, Cipriani R, Marchetti C. Surgical reconstruction of maxillary defects using 

a computer-assisted design/computer-assisted manufacturing-produced titanium mesh supporting a free flap. J 

Craniomaxillofac Surg. 2016;44:1320–6. 

19. Wang YY, Zhang HQ, Fan S, Zhang DM, Huang ZQ, Chen WL, et al. Mandibular reconstruction with the vascularized 

fibula flap: Comparison of virtual planning surgery and conventional surgery. Int J Oral Maxillofac Surg. 2016;45:1400–

5. 

20. Culié D, Dassonville O, Poissonnet G, Riss JC, Fernandez J, Bozec A. Virtual planning and guided surgery in fibular 

free-flap mandibular reconstruction: A 29-case series. Eur Ann Otorhinolaryngol Head Neck Dis. 2016;133:175–8. 

21. Bouchet B, Raoul G, Julieron B, Wojcik T. Functional and morphologic outcomes of CAD/CAM-assisted versus 

conventional microvascular fibular free flap reconstruction of the mandible: A retrospective study of 25 cases. J Stomatol 

Oral Maxillofac Surg. 2018;119:455–60. 

22. Bartier S, Mazzaschi O, Benichou L, Sauvaget E. Computer-assisted versus traditional technique in fibular free-flap 

mandibular reconstruction: A CT symmetry study. Eur Ann Otorhinolaryngol Head Neck Dis. 2021;138:23–7. 

23. Kwon T, Lee C, Park J, Choi S, Rijal G, Shin H. Osteonecrosis associated with dental implants in patients undergoing 

bisphosphonate treatment. Clin Oral Implants Res. 2014;25:632–40. 

24. Schwartz HC. Does computer-aided surgical simulation improve efficiency in bimaxillary orthognathic surgery? Int J 

Oral Maxillofac Surg. 2014;43:572–6. 

25. Van Hemelen G, Van Genechten M, Renier L, Desmedt M, Verbruggen E, Nadjmi N. Three-dimensional virtual 

planning in orthognathic surgery enhances the accuracy of soft tissue prediction. J Craniomaxillofac Surg. 2015;43:918–

25. 

26. Resnick CM, Inverso G, Wrzosek M, Padwa BL, Kaban LB, Peacock ZS. Is there a difference in cost between standard 

and virtual surgical planning for orthognathic surgery? J Oral Maxillofac Surg. 2016;74:1827–33. 

27. Wrzosek MK, Peacock ZS, Laviv A, Goldwaser BR, Ortiz R, Resnick CM, et al. Comparison of time required for 

traditional versus virtual orthognathic surgery treatment planning. Int J Oral Maxillofac Surg. 2016;45:1065–9. 

28. Ritto FG, Schmitt ARM, Pimentel T, Canellas JV, Medeiros PJ. Comparison of the accuracy of maxillary position 

between conventional model surgery and virtual surgical planning. Int J Oral Maxillofac Surg. 2018;47:160–6. 



Patatou et al., 

 

 
  

Annals of Orthodontics and Periodontics Specialty | 2025 | Volume 5 | Page 39-50    
  

 

50 

29. Steinhuber T, Brunold S, Gärtner C, Offermanns V, Ulmer H, Ploder O. Is virtual surgical planning in orthognathic 

surgery faster than conventional planning? A time and workflow analysis of an office-based workflow for single- and 

double-jaw surgery. J Oral Maxillofac Surg. 2018;76:397–407. 

30. Schneider D, Kämmerer PW, Hennig M, Schön GE, Thiem DGE, Bschorer R. Customized virtual surgical planning in 

bimaxillary orthognathic surgery: A prospective randomized trial. Clin Oral Investig. 2019;23:3115–22. 

31. Al-Sabahi ME, Jamali OM, Shindy MI, Moussa BG, Amin AAW, Zedan MH. Aesthetic reconstruction of onco-surgical 

mandibular defects using free fibular flap with and without CAD/CAM customized osteotomy guide: A randomized 

controlled clinical trial. BMC Cancer. 2022;22:1252. 

32. Bao T, He J, Yu C, Zhao W, Lin Y, Wang H, et al. Utilization of a pre-bent plate-positioning surgical guide system in 

precise mandibular reconstruction with a free fibula flap. Oral Oncol. 2017;75:133–9. 

33. Ritschl LM, Mücke T, Fichter A, Güll FD, Schmid C, Duc JM, et al. Functional outcome of CAD/CAM-assisted versus 

conventional microvascular fibular free flap reconstruction of the mandible: A retrospective study of 30 cases. J Reconstr 

Microsurg. 2017;33:281–91. 

 


