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ABSTRACT

hitps://doi.org/10.51847/M8KwrSoLlv

This study quantitatively evaluates and compares the three-dimensional (3D), 6-degrees-of-freedom (6-DOF) skeletal
stability of Le Fort I osteotomies using a minimally invasive 2-plate fixation versus the conventional 4-plate approach.
Utilizing a retrospective cohort design, 42 adult patients with severe skeletal Class III malocclusion were analyzed: a 4-
plate control group (n=22) and a 2-plate test group (n=20). Spatial changes were measured via voxel-based cone-beam
computed tomography (CBCT) superimposition at preoperative, immediate postoperative, 6-month, and 1-year intervals.
A 3D semi-automated registration protocol was employed to quantify translational (X, Y, Z axes) and rotational (pitch,
roll, yaw) alterations. Results indicated that baseline characteristics and initial surgical displacements were statistically
equivalent between cohorts. Longitudinally, from one day to one year postoperatively, both fixation modalities
demonstrated robust structural stability. All translational relapses remained below 1.0 mm; specifically, transverse drift
(X-axis) was restricted to 0.31 mm in the 4-plate group and 0.37 mm in the 2-plate group. Rotational adaptations were
uniformly limited to less than 1.0° across all axes, with no significant intergroup differences identified at the final
assessment (p > 0.561). In conclusion, reducing rigid internal fixation from four to two plates at the zygomaticomaxillary
buttresses provides equivalent 6-DOF spatial stability to the conventional method. This approach offers a reliable,
minimally invasive alternative for monobloc Le Fort I osteotomies without increasing the risk of transverse or rotational
relapse.

Key words: Le Fort I osteotomy, Rigid internal fixation, Three-dimensional cephalometry, Skeletal stability,

Orthognathic surgery, Cone-beam computed tomography.

Introduction

Le Fort I osteotomy remains a cornerstone in orthognathic
surgery for the correction of severe midfacial deformities.
To counteract masticatory forces and secure the mobilized
maxilla during the critical phase of bone healing, rigid
internal fixation (RIF) using titanium miniplates is the
established clinical standard [1-3]. Conventionally, a 4-plate
fixation strategy, involving symmetric placement at the
bilateral pyriform apertures and zygomaticomaxillary
buttresses, has been universally adopted as the gold standard
to prevent postoperative skeletal relapse [2, 4].

Despite its biomechanical reliability, the traditional 4-plate
technique requires extensive mucoperiosteal dissection,
prolongs surgical time, increases material costs, and
elevates the risk of iatrogenic injury to adjacent dental roots
and neurovascular structures [l, 5-8]. Consequently, a
simplified 2-plate fixation approach, placing hardware
solely at the robust zygomatic buttresses, has emerged as a
minimally invasive alternative. Preliminary clinical studies
and two-dimensional (2D) cephalometric evaluations, such
as those by Fujio et al. suggest that 2-plate fixation may
provide anteroposterior and vertical stability comparable to
the 4-plate method [9-12].

However, a critical gap remains in the current evidence base.
The vast majority of comparative studies have relied on 2D
lateral cephalometry [9, 13], which is inherently limited by
magnification errors, anatomical superimposition, and an
absolute inability to accurately quantify transverse
displacements or complex spatial adaptations [9, 14, 15].
Because transverse stability and rotational shifts (pitch, roll,
and yaw) are paramount for maintaining long-term occlusal
interdigitation and facial symmetry, a robust three-
dimensional (3D) assessment is mandatory. Currently,
voxel-based cone-beam computed tomography (CBCT)
superimposition is the benchmark for evaluating these 6-
degrees-of-freedom (6-DOF) movements. High-quality 3D
comparative data addressing the transverse and rotational
stability of 2-plate versus 4-plate fixation remains
exceedingly sparse [16].

This highlights a pivotal clinical question: Does reducing
fixation from 4 to 2 plates compromise the long-term 3D
spatial stability of the repositioned maxilla, particularly in
the transverse dimension? Therefore, this study aimed to
quantitatively evaluate and compare the 6-DOF skeletal
stability (translational X, Y, Z axes and rotational
alterations) of Le Fort I osteotomies utilizing 2-plate versus
4-plate fixation via voxel-based CBCT superimposition. We
hypothesize that 2-plate fixation yields long-term 3D spatial
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stability equivalent to the conventional 4-plate approach,
without increasing the incidence of transverse or rotational
relapse.

Materials and Methods

Study design and patient selection

The retrospective cohort study was conducted in accordance
with the Declaration of Helsinki and approved by the
Independent Ethics Committee IEC, Tra Vinh University
(Ref number 185/GCN.DC-HPD); and the IEC of Van
Hanh General Hospital (Ref number 01/2025/GCN-HDD).
This study enrolled adult patients diagnosed with skeletal
Class III malocclusion, specifically characterised by
maxillary retrognathia and mandibular prognathism, who
underwent a Le Fort I osteotomy combined with a bilateral
sagittal split ramus osteotomy (BSSO). The exclusion
criteria comprised patients with congenital malformations
(such as cleft lip and palate), a history of maxillofacial
trauma, or cases where direct contact between the maxillary
bone fragments could not be achieved post-osteotomy,
preventing baseline stability.

To ensure robust statistical power, a minimum sample size
of 20 patients per group was required to detect a clinically
significant spatial difference of > 1.0 mm with an 80%
statistical power and a significance level (a) of 0.05. The
inclusion criteria were: (1) completion of the
aforementioned surgical protocol; (2) availability of high-
quality Cone-Beam Computed Tomography (CBCT) scans
at four specific time points: preoperative (T0), immediate
postoperative within 1-4 weeks (T1), 6-month follow-up
(T2), and 1-year follow-up (T3); and (3) positive osseous
contact between bone fragments, assuring baseline stability.
Exclusion criteria comprised patients with cleft lip and
palate, craniofacial syndromes, history of maxillofacial
trauma, or inadequate CBCT field of view.

Surgical protocol and fixation methods

All surgical procedures were executed by a highly
experienced maxillofacial team. The maxilla was
approached via a circumvestibular incision, and the Le Fort
I osteotomy and down-fracture were performed utilising a
reciprocating saw and Rowe forceps. Following
mobilisation, an intermediate interocclusal splint was
adapted to position the maxilla accurately. Concurrently, the
mandible was repositioned via BSSO and fixed using a set
of one titanium plate and four screws on each side.
Adjunctive genioplasty was performed when clinically
indicated. Postoperatively, guiding elastics were applied to
maintain the ideal occlusion, and patients were instructed to
adhere to a soft, non-chew diet starting 10 days after

surgery.

Based on the rigid internal fixation (RIF) strategy, patients
were divided into two cohorts:

e Control Group (4-Plate Fixation): The maxilla was

secured using four 0.8-mm-thick L-shaped titanium
locking plates placed symmetrically at the bilateral
piriform apertures and the zygomaticomaxillary
buttresses. Each plate was fixated with five locking
screws (1.7 mm in diameter and 4 mm in length).

e Test Group (2-Plate Fixation): Fixation was
accomplished exclusively using two identical 0.8-mm-
thick L-shaped titanium locking plates and screws
placed strictly at the bilateral zygomaticomaxillary
buttresses, completely omitting hardware at the
piriform apertures.

6-Degrees-of-freedom (6-DOF) spatial assessment

To accurately capture the transverse dimensional changes
and complex rotational adaptations, a 3D semi-automated,
voxel-based registration protocol was utilised. The DICOM
data from TO, T1, T2 and T3 were imported into medical
image processing software. To bypass the inaccuracies of
manual landmark identification, voxel-based registration
(VBR) of the non-operated anterior cranial base (a
structurally stable reference structure) was performed to
superimpose the T1, T2 and T3 scans onto the TO spatial
matrix.

Following cranial base superimposition, individual
maxillary segments were isolated. Transformation matrices
were automatically computed to calculate the exact spatial
discrepancies between the immediate postoperative position
(T1) and the follow-up position (T2, T3). The 6-DOF
skeletal stability was quantitatively evaluated using a
Cartesian coordinate system with the following strictly
defined axes:

Translational Displacements (mm) (Figure 1):

e AX-axis (Transverse): Left-right movement (Positive
values indicate translation to the left).

e AY-axis (Vertical): Superior-inferior ~movement
(Positive values indicate inferior displacement /
downward).

e AZ-axis (Sagittal): Anteroposterior movement (Positive
values indicate anterior displacement / forward).
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Figure 1. Reference axis and planes for the 3D
coordinate system: X-axis (right-left); Y-axis (up-
down); Z axis (posterior-anterior); 1, Horizontal plane;
2, Midsagittal plane; 3, Coronal plane21. (Adapted from
Y.F. Chen et al. (2018))

Rotational Alterations (°) (Figure 2):

e Roll: Rotation around the anteroposterior axis (Positive
values indicate clockwise rotation).

e Pitch: Rotation around the transverse axis (Positive
values indicate clockwise rotation).

e  Yaw: Rotation around the vertical axis (Positive values
indicate clockwise rotation).

Arch Rotation
(Yaw)

Occlusal Plane
(Pitch)

Cant
(R%Tl) \)

Figure 2. The yaw, pitch, and roll movements used
when discussing manipulation of the maxilla for
surgical repositioning. (From Erickson KL, Bell WH,
Goldsmith DH: Analytical model surgery. In Bell WH,
ed: Modern practice in orthognathic and reconstructive
surgery, Vol 1, Philadelphia, 1992, Saunders.)

Error measurement and statistical analysis

To mitigate measurement errors and validate the reliability
of the 3D assessment tool, 15 randomly selected CBCT
datasets were re-digitised and re-measured after a 2-week
washout period by the primary investigator and a second
independent examiner. The Intra-Class Correlation
Coefticient (ICC) and Mean Absolute Difference (MAD)
were calculated to confirm intra-observer reproducibility
and inter-observer reliability.

Statistical analyses were performed using SPSS software.

The Shapiro-Wilk test was applied to assess data normality.
To compare the magnitude of 6-DOF skeletal relapse (T2-
T1, T3-T1) between the 2-plate and 4-plate cohorts, the
independent Student’s t-test was utilised for normally
distributed variables, whereas the Mann-Whitney U test was
applied for non-parametric data. A two-tailed p-value of
<0.05 was considered statistically significant.

Results and Discussion

A comprehensive baseline analysis was conducted to verify
the pre-surgical homogeneity between the two fixation
cohorts. The demographic and cephalometric characteristics
at TO (Table 1) demonstrated a highly symmetrical
distribution across the control (4-plate, n = 22) and test (2-
plate, n = 20) groups. Both cohorts presented with severe
skeletal Class III deformities, explicitly characterised by
maxillary hypoplasia and mandibular prognathism. This
severe anteroposterior discrepancy was further corroborated
by highly negative ANB angles (-4.27° vs -4.36°) and Wits
appraisals (-8.42 mm vs -8.76 mm). Additionally, vertical
skeletal proportions (SN-MP Angle) and natural dental
compensations (Ul-SN Angle) were strictly consistent
between the groups. Independent Student's t-tests confirmed
that there were no statistically significant intergroup
differences across any baseline variables (p > 0.562),
thereby ensuring that subsequent surgical outcomes would
not be confounded by preoperative anatomical disparities.

The immediate postoperative voxel-based assessments (T1-
TO) were evaluated to quantify the magnitude of actual
surgical displacements executed in both cohorts (Table 2).
The 3D spatial analysis revealed that the surgical
interventions predominantly involved anterior advancement
(Z) and inferior repositioning (Y) of the maxilla.
Specifically, the 4-plate and 2-plate groups demonstrated
comparable sagittal advancements of 5.4/ + /.48 mm and
5.38 £ 1.52 mm, respectively, accompanied by downward
displacements of 2.18 + 1.24 mm and 2.31 + 1.31 mm,
respectively. Transverse translational shifts (X) were strictly
controlled and remained minimal (< 0./5 mm) in both
cohorts. Regarding rotational alterations, the surgical
repositioning induced a slight clockwise Pitch rotation (7.42
+ [1.54°vs. 1.61 = 1.59°), whereas Roll and Yaw rotations
were successfully maintained below 0.5°. Independent
statistical analyses confirmed that there were no significant
intergroup differences across any of the six translational and
rotational parameters.

Table 1. Baseline Demographic and Preoperative Cephalometric Characteristics (T0)

4-Plate Group (n = 22)

2-Plate Group (n = 20)

: . *
Variable Mean < SD Mean < SD p-value
Age (years) 2438 £4.12 25.17 £4.63 0.562
SNA Angle (°) 79.14 £3.42 78.82£3.71 0.768
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SNB Angle (°) 83.41 £3.26 83.18 £3.82 0.834
ANB Angle (°) -4.27+1.84 -436+£2.12 0.881
Wits Appraisal (mm) -8.42+2.13 -8.76 £2.34 0.623
SN-MP Angle (°) 32.14 £4.52 31.89 +4.81 0.861
U1-SN Angle (°) 112.34 £5.61 111.92 £5.83 0.812

Note. SNA < 82° indicates maxillary hypoplasia; SNB > 80° indicates mandibular prognathism; Wits appraisal strongly confirms severe Class III skeletal

discrepancy.
*Independent Student’s T-tests: p < 0.05 indicates statistical significance.

Table 2. Immediate 6-DOF Voxel-Based Surgical Displacements (T1-T0)

4-Plate Group (n = 22)

2-Plate Group (n = 20)

6-DOF Parameters Mean + SD Mean < SD p-value
Translational Changes (mm)

X-axis (Transverse) 0.12+0.42 0.14 +0.47 0.882
Y-axis (Vertical) 2.18+1.24 2.31+1.31 0.741
Z-axis (Sagittal) 541+148 5.38+1.52 0.947

Rotational Changes (°)
Pitch 1.42 £ 1.54 1.61+1.59 0.686
Roll 0.31+0.38 0.38 £0.41 0.562
Yaw 0.42+0.39 0.49 £0.43 0.584
Note. Positive values indicate displacement to the left (X), inferiorly (Y), anteriorly (Z), and clockwise rotation (Pitch, Roll, Yaw)
Table 3. 6-DOF Spatial Relapse at 6-Month (T2-T1) and 1-Year (T3-T1) Follow-ups
6-Month Relapse (T2-T1) 1-Year Relapse (T3-T1) p-value*
6-DOF Parameters
4-Plate (n=22) 2-Plate (n=20) 4-Plate (n=22) 2-Plate (n=20) T3-T1
Translational (mm)
X-axis 0.22+£0.34 0.26 +£0.38 0.31+£0.39 0.37 £0.42 0.632
Y-axis -0.38+0.41 -0.44 £ 0.46 -0.48 £0.51 -0.54+0.59 0.724
Z-axis -0.41+0.47 -0.49 +£0.51 -0.52+0.56 -0.61+0.63 0.627
Rotational (°)
Pitch -0.42+0.48 -0.51+0.54 -0.58 £ 0.59 -0.69 £ 0.64 0.561
Roll 0.21£0.29 0.26 £0.32 0.28 £0.34 0.33 £0.37 0.644
Yaw 0.28 £0.31 0.32+£0.34 0.37 £0.38 043 £0.41 0.628

Note. *p-values derived from independent Student’s t-tests. p < 0.05 indicates statistically significant

Building upon the immediate postoperative surgical
displacements, the long-term 6-DOF spatial stability of the
repositioned maxilla was longitudinally evaluated at 6-
month (T2-T1) and 1-year (T3-T1) intervals (Table 3). The
voxel-based tracking revealed a trend of highly robust
structural stability across both fixation cohorts over time.
Throughout the 1-year follow-up period, all translational
relapses (X, Y, and Z axes) remained strictly under the
clinically significant threshold of 1.0 mm. Specifically, the
highly susceptible transverse dimension (X-axis) exhibited
minimal lateral drift, reaching only 0.31 + 0.39 mm in the 4-
plate group and 0.37 + 0.42 mm in the 2-plate group at T3.
Sagittal and vertical relapses followed a similar stable
pattern, with negative values indicating a slight
posterosuperior settling that was nearly identical between
the two groups. Concurrently, rotational adaptations (Pitch,
Roll, and Yaw) were uniformly restricted to less than 1.0°
across all time points. Independent statistical comparisons
confirmed that there were no significant differences in the

magnitude of either translational or rotational relapse
between the 4-plate and 2-plate cohorts at the final 1-year
assessment (all p > 0.561). Overall, the data demonstrate
that both fixation modalities exhibit minimal, equivalent
spatial drift over the long term.

This 1-year retrospective cohort study aimed to
quantitatively determine whether reducing rigid internal
fixation from 4 to 2 plates compromises the 3D spatial
stability of the repositioned maxilla in Le Fort I osteotomies,
with a specific focus on the transverse dimension and 6-
degrees-of-freedom (6-DOF). Based on this study's
comprehensive voxel-based superimposition, the findings
firmly support our primary hypothesis: 2-plate fixation at
the zygomaticomaxillary buttresses yields long-term 3D
spatial stability equivalent to the conventional 4-plate
approach. The magnitude of translational (AX, AY, AZ) and
rotational (Pitch, Roll, Yaw) relapses were clinically
negligible (< 1.0 mm and < 1.0°) and statistically
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indistinguishable between the two cohorts.

The traditional 4-plate configuration, while historically
considered the biomechanical standard, necessitates
extensive mucoperiosteal elevation, prolongs operative
time, and significantly increases the iatrogenic risk of
injuring the anterior dental roots and the infraorbital
neurovascular bundles [17-19]. According to the established
hierarchy of stability proposed by Proffit et al. maxillary
expansion and transverse surgical movements are
notoriously the most unstable orthognathic procedures,
highly susceptible to relapse [16, 20, 21]. Therefore, the
most critical clinical apprehension regarding the omission of
pyriform aperture plates is the vulnerability to transverse
drift (AX) and rotational yaw under the continuous strain of
the masticatory musculature [16, 22, 23]. However, the data
demonstrated robust transverse stability, with lateral
deviations restricted to 0.37 + 0.42 mm in the 2-plate group
and 0.31 = 0.39 mm in the 4-plate group at the 1-year follow-
up. This remarkable transverse rigidity clearly demonstrates
the biomechanical advantage of maintaining an intact
maxillary arch (monobloc Le Fort I) over multisegmental
osteotomies. Segmental Le Fort I procedures inherently
compromise the structural continuity of the maxillary vault,
rendering the isolated fragments highly susceptible to lateral
relapse driven by palatal tissue contraction and muscular
forces [24-28]. In stark contrast to our monobloc findings (<
0.4 mm transverse drift), the 3D voxel-based validation
study by da Costa Senior et al. on segmented Le Fort I
procedures demonstrated significantly greater transverse
instability, reporting relative errors for left/right
translational movements reaching up to 2.2. Furthermore,
they observed substantial spatial variability across the
isolated segments, with standard deviations reaching up to
2.84 mm in the transverse dimension of the central segment
[16, 29, 30].

Biomechanically, the zygomaticomaxillary buttress offers
the thickest and most dense cortical bone in the midface,
providing an optimal foundation for maximum screw
engagement [9, 31]. In in vitro and finite element analysis
(FEA) studies, authors such as Erkmen et al. and Esen et al.
have suggested that 4-plate configurations distribute
mechanical stress more favorably and exhibit less
micromovement under heavy artificial loading (e.g., >20 N)
[10, 11]. However, our in vivo clinical results indicate that
the structural integrity of 2-plate fixation is physiologically
sufficient to withstand actual postoperative functional loads.
When combined with thick 0.8-mm locking plates and
immediate postoperative occlusal interdigitation - which
acts as an intrinsic functional splint - the two zygomatic
anchors effectively neutralize lateral and rotational
muscular pull, preventing transverse expansion or
constriction during the critical bone-healing phase [16, 22,
32].

In sagittal (AZ) and vertical (AY) dimensions, both of this
cohorts exhibited minimal relapse, reflecting a slight

posterosuperior settling typical of Le Fort I bone healing.
Our findings align closely with the long-term clinical
observations of Fujio ef al. and Murray e? al., which reported
no significant differences in the horizontal and vertical
relapse between 2- and 4-plate fixations using traditional 2D
cephalometry [33-36]. Furthermore, the findings of Susarla
et al. also demonstrated stable 1-year outcomes relying
solely on two-point nasomaxillary fixation [18, 37, 38].
Crucially, the current literature transitions from
conventional 2D metrics to 6-DOF voxel-based
superimposition, which could eliminate inherent 2D
magnification errors and anatomical superimpositions,
providing definitive evidence that 2-plate fixation does not
precipitate hidden rotational collapses (Pitch or Roll) that
frequently go undetected in traditional lateral cephalograms.

Reducing rigid internal fixation from 4 to 2 plates in
monobloc Le Fort I osteotomy at the zygomaticomaxillary
buttresses provides equivalent 6-DOF spatial stability and
serves as a highly reliable, minimally invasive alternative.
Despite the robust 3D methodology, certain limitations must
be acknowledged. The retrospective design inherently
carries selection bias. Additionally, while structural stability
was validated, this study did not quantify patient-specific
postoperative masticatory bite forces using intraoral
sensors, which could provide deeper insights into individual
dynamic loading patterns. Future prospective, randomised
controlled trials incorporating objective bite-force
measurements, 3D airway volume adaptations, and patient-
specific implants (PSIs) designed specifically for two-point
fixation are warranted to further optimise this minimally
invasive protocol.

Conclusion

In monobloc Le Fort I osteotomies, reducing rigid internal
fixation from four plates to two at the zygomaticomaxillary
buttresses provides equivalent six-degrees-of-freedom (6-
DOF) spatial stability to the conventional technique. This
approach offers a highly reliable, minimally invasive
alternative that significantly simplifies the procedure
without increasing the risk of transverse or rotational
relapse.
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