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Stability of maxilla after segmental Le Fort o
| osteotomy combined with anterior maxilla
clockwise rotation in patients with maxillary
hypoplasia: a retrospective study
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Abstract

Background Segmental Le Fort | osteotomy combined with anterior maxillary clockwise rotation has been pro-
posed as an effective treatment for maxillary hypoplasia. However, the stability of maxilla after the operation remains
unknown.

Methods A total of 30 patients undergoing segmental Le Fort | osteotomy were retrospectively included. The follow-
up period was more than one year. The stability of anterior maxilla after clockwise rotation was evaluated by cone
beam computed tomography (CBCT) performed before surgery (T0), three days after surgery (T1), and at least one
year after surgery (T2), respectively. The key parameters were the postoperative relapse of the anterior maxillary clock-
wise rotation angle (CRA) and paranasal advancement.

Results Following segmental Le Fort | osteotomy, the average CRA of the anterior maxilla was 10.02° + 3.86°,

while the mean paranasal advancement was 6.22 + 1.40 mm. At the one-year follow-up, the relapse of CRA and para-
nasal advancement were -0.42° + 2.51° (p = 0.951) and -0.28 + 0.83 mm (p = 0.08), respectively, suggesting good post-
operative stability. Additionally, no significant correlation was found between the intraoperative CRA and its relapse
over time.

Conclusion Segmental Le Fort | osteotomy combined with anterior maxillary clockwise rotation demonstrates
favorable stability up to one year postoperatively, making it a reliable approach for the treatment of maxillary
hypoplasia.
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Background

Skeletal Class III dentofacial deformity, characterized by
maxillary hypoplasia and mandibular hyperplasia, pre-
sents with both facial disharmony and malocclusion. A
common compensatory feature in these patients is the
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the labial cortical plate of the upper incisors is typically
thin, limiting the extent of orthodontic decompensation
and increasing the risk of periodontal complications [3,
4]. Even with premolar extraction and prolonged preop-
erative orthodontic treatment, achieving an ideal upper
incisor angulation remains challenging, and patients may
develop periodontal defects in the process [5, 6]. Clock-
wise rotation of the maxillomandibular complex (MMC)
during the orthognathic surgery has been proposed as a
strategy to optimize the upper incisor axis. [7]. However,
MMC clockwise rotation is constrained by the occlusal
plane angle, as excessive steepening occlusal plane may
compromise incisal guidance or introduce functional
interferences in the posterior dentition, leading to pro-
longed masticatory discomfort [8, 9].

To overcome these limitations, Dr. Chen and his team
introduced a novel surgical approach combining segmen-
tal maxillary osteotomy, anterior maxillary clockwise
rotation, and bilateral premolar extraction. This method
is particularly suit for patients with pronounced labial
inclination of the upper incisors [10, 11]. By directly
correcting the compensatory inclination surgically, this
approach minimizes the need for extensive preopera-
tive orthodontic decompensation while circumventing
occlusal plane constraints. However, the anterior maxil-
lary clockwise rotation may increase tension in the pala-
tal mucoperiosteum, potentially affecting postoperative
skeletal stability [12—14].

Despite its promising advantages, no studies have yet
evaluated the postoperative skeletal stability of this tech-
nique. Therefore, this retrospective study aims to assess
the stability of the maxilla following segmental Le Fort
I osteotomy with anterior maxillary clockwise rotation
in patients with Class III dentofacial deformities. Spe-
cifically, we seek to determine whether anterior maxillary
clockwise rotation provides stable clinical outcomes and
whether the degree of rotation is associated with postop-
erative maxillary stability.

Methods

Patients

This retrospective study was approved by the Institu-
tional Review Board of Peking University, School of
Stomatology (approval number PKUSSIRB-202278111)
and conducted in accordance with the Declaration of
Helsinki guidelines for human studies. The inclusion cri-
teria were as follows: (1) patients diagnosed with skeletal
Class III dentofacial deformity; (2) patients who under-
went anterior maxillary clockwise rotation combined
with segmental Le Fort I osteotomy and bilateral pre-
molar extraction; (3) surgical plans formulated based
on the computer-assisted surgical simulation (CASS)
protocol; and (4) patients aged between 18 and 40 years.
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The exclusion criteria were as follows: (1) patients with
secondary deformities related to cleft lip/palate or facial
trauma; (2) patients with systemic diseases; (3) patients
with active periodontal disease or severe bone loss and
(4) patients with a follow-up period of less than one year.

Data acquisition

Preoperative virtual planning followed the standard
CASS protocol. Data acquisition included cone-beam
computer tomography (CBCT) scans (NewTom VGi;
Cefla S.C., Verona, Italy) with a 16 cm X 16 cm field of
view, stored in Digital Imaging and Communications
in Medicine (DICOM) format. Natural head position
(NHP) was recorded using a multicamera system (3
dMD, Atlanta, GA) and a laser level (SaiWei, Shanghai,
China). A 3D laser surface scanner (3Shape, Copenhagen,
Denmark) with a 0.1 mm resolution was used to capture
digital morphology of the upper and lower dentitions.
DICOM data were imported into the virtual surgical
planning software IVSP Image Trial (version 1.0.24.36,
IVSPlan, Beijing, China). Skeletal, dental, and textured
skin morphologies were superimposed using a surface
reconstruction process and aligned with the NHP by
adjusting the x, y, and z axes based on laser level markers
from the 3D face scan [15].

Preoperative virtual planning

The virtual planning process is illustrated in Fig. 1. First,
bilateral premolars were virtually extracted (Fig. 1b), fol-
lowed by segmental Le Fort I osteotomy (Fig. 1c) and
bilateral sagittal split ramus osteotomy (BSSRO). The
anterior maxilla was then rotated clockwise around the
upper incisor point (Ul) to achieved the desired upper
incisor inclination and maxilla convexity (Fig. 1d). The
upper and lower dentitions were re-established virtu-
ally to ensure proper canine, molar, and incisor relation-
ships. If clockwise rotation caused bilateral canines to
deviate from the occlusal plane, a midline osteotomy was
performed in the anterior maxilla. To facilitate occlusal
alignment, bilateral anterior bone segments-centered on
Ul-were rotated oppositely in the coronal plane (Fig. le).
Residual extraction spaces were closed by anterior move-
ment of the upper molars (Fig. 1f) to optimize occlusion
and achieve stable bilateral molars contacts.

The maxillary bone segments and distal mandibular
body were aligned according to the new occlusion as the
MMC. The MMC was repositioned relative to the skull
base to meet aesthetic objectives. Paranasal advance-
ment was assessed in the virtual plan for verification in
the OR room. Intermediate and final surgical splints were
designed accordingly and fabricated using stereolithogra-
phy-based 3D printing.
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Fig 1 Virtual design of segmental Le Fort | osteotomy. a Initial maxilla and the upper dentition. b Bilateral first premolars were extracted. c The
maxilla was divided into the anterior and posterior parts. d The anterior maxillary segments were rotated clockwise centering on the upper incisor
point. e The anterior bone segments were rotated in the coronal plane to decrease the steps between canines and second premolars. f The

posterior maxilla advanced to close the residual space

Surgical procedure

Surgery was performed under general anesthesia. A
vestibular incision was made 5 mm above the attached
mucosa, extending from the right to the left first molar
region. A mucoperiosteal flap was elevated to expose
the anterior maxillary wall, the zygomaticomaxil-
lary buttress, and nasal piriform aperture. Bilateral Le
Fort I osteotomy was carried out using a surgical bur
and reciprocating saw, beginning at the posterior lat-
eral maxilla, passing through the zygomatic buttress
along the anterior maxillary wall, and terminating at
the piriform apertures. Bilateral premolars were then
extracted, followed by vertical interradicular osteoto-
mies adjacent to the extraction socket (Fig. 2a-b). The
vertical osteotomy lines extended across the alveo-
lar ridge and converged horizontally at the middle of
the palate (Fig. 2c). The intervening bone was excised
accordingly. The anterior maxillary bone segments were
repositioned (Fig. 2d), with the upper dentition rea-
ligned within the intermediate surgical splint (Fig. 2e).
Intraoperative measurements of the paranasal region
were carefully compared to the preoperative virtual
plan (Fig. 2f). Titanium plates were shaped and fixed to
facilitate paranasal advancement (Fig. 2g), and autolo-
gous bone grafting was performed to fill any remain-
ing gaps (Fig. 2h). The final splint was retained for six
weeks postoperatively before removal. BSSRO with
rigid fixation was performed uniformly in all cases.

Postoperative analysis

Postoperative evaluation was performed using Dol-
phin 3D 11.95 (Dolphin Imaging & Management Solu-
tions, Chatsworth, CA) and IVSP Image Trial (version
1.0.24.36, IVSPlan, Beijing, China). CBCT scans were
obtained at three time points: preoperative (T0), three
days postoperatively (T1), and at least one year postop-
eratively (T2). Images were superimposed using a voxel-
based cranial base registration protocol [16] in Dolphin
3D, and the registered DICOM files were imported into
IVSP Image Trial for 3D reconstruction and cephalomet-
ric analysis. Postoperative skeletal changes were assessed
by comparing pre- (T0) and immediate post-operative
(T1) parameters. While postoperative stability was ana-
lyzed by comparing immediate postoperative (T1) and
one-year postoperative (T2) images.

A standardized reference coordinate system was estab-
lished, incorporating the Frankfort plane (FHP), midsag-
ittal plane (MSP), and coronal plane (CP) (Table 1). The
coordinate system origin (point O) was defined at the
intersection of FHP, MSP, and CP. The X-axis represented
the intersection of FHP and CP, Y-axis was the intersec-
tion of FHP and MSP, and the Z-axis defined by the inter-
section of MSP and CP. This coordinate system adhered
to a left-handed orientation (Fig. 3a).

Twenty anatomical landmarks were identified within
the 3D coordinate system (Fig. 3b-d) to assess maxillary
stability (Table 1). Key stability indicators included the
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Fig 2 Surgical procedure of segmental Le Fort | osteotomy. a
Vertical interradicular osteotomies adjacent to the extraction socket.
b Removal of the intervening bone. ¢ Palatal osteotomy lines. d
Central vertical interradicular osteotomy. e Intermaxillary fixation. f
Measurements and verification of paranasal advancement compared
to the preoperative virtual design. g Rigid internal fixation. h
Autologous bone grafting

clockwise rotation angle (CRA) of the anterior maxilla
(CRA; ;) and the sagittal displacement of the apertura
piriformis point (A P;_.1,). Mandibular stability was pri-
marily evaluated using the sagittal displacement of the
supramental point (A By ).

The CRA from TO to T1 (CRApq ;) was determined
by the difference between the upper incisor inclination
change (AU1-FHP |, 1) and the occlusal plane rotation
(AOP-FHP 1y 1,):

CRA(ro-11) = |AU1 — FHP(19_T1)| — AOP — FHP(10_T1) (1)
To minimize postoperative orthodontic influence, CRA
T2 was calculated using the difference between the

anterior maxillary alveolar inclination change (ANP-FHP
r1.12) and the palatal plane rotation (APP-FHP ; ,):

CRA(r1-12) = —(ANP — FHP(71-12) + APP — FHP(T1-7T2)) (2)

Inter- and intra-examiner reliability was assessed in
10 randomly selected patients. The same examiner (E.S.)
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marked landmarks twice within one week to evaluated
intra-examiner reliability, while two independent exam-
iner (E.S. and X.X.) marked landmarks simultaneously to
assess inter-examiner reliability. Both intra- and inter-
observer correlation coefficients exceeded 0.95 indicating
excellent reproducibility.

Statistical analysis

Descriptive statistics were presented as means and stand-
ard deviations (SD). The distribution of data was assessed
using the Shapiro-Wilk test. Normally distributed data
were analyzed using paired t-tests, while non-normally
distributed data were assessed using the Wilcoxon
signed-rank test. Correlation analysis were conducted
using Pearson’s correlation for normally distributed data
and Spearman’s correlation for non-normally distributed
data. Statistical analyses were performed using IBM SPSS
Statistics 25.0 (SPSS Inc., Chicago, IL, USA), with P-val-
ues <0.0 considered statistically significant.

Results

Patient demographics

A total of 30 patients met the inclusion criteria and were
enrolled in the study (Table 2). Among them, 24 were
female (80%) and 6 were male (20%). The mean age at the
time of surgery was 24.9 years (range: 18—39 years) and
the average follow-up duration was 13.8 months (range:
12-30 months). All patients underwent segmental Le
Fort I osteotomy (SLFI) combined with BSSRO, and 18 of
them (60%) also underwent genioplasty.

Maxillary changes after surgery and relapse

Postoperative maxillary changes (T0-T1) and subsequent
relapse (T1-T2) are summarized in Table 3. From TO to
T1, the CRA of anterior maxilla and the occlusal plane
were 10.02° + 3.86° and 3.66°t 3.27°, respectively. The
labial inclination angle of upper incisors decreased by
—13.61 + 4.05°. The average sagittal backward movement
of the upper incisors was —0.63 + 2.16 mm. Additionally,
the paranasal region showed a forward displacement of
6.22 + 1.40 mm, and the posterior maxilla advanced by
4.16 + 1.57 mm.

During the T1-T2 phase, the CRA of the anterior max-
illa showed a minor relapse of —0.42° + 2.51° (p = 0.951,
not significant), while the occlusal plane rotated back by
—2.59° + 2.54° (p < 0.001). The upper incisors exhibited
a forward movement of 0.63 + 2.07 mm (p = 0.016) and
a vertical upward movement of —0.79 + 1.83 mm (p =
0.024). The sagittal relapse of the paranasal region was
—0.28 + 0.83 mm (p = 0.08, not significant). Additionally,
no significant relapse was observed in PP-FHP, NP-FHP,
A_Y,A_7Z,0or PNS_Y.
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Table 1 Landmarks and planes formulated in the 3D coordinate system to assess postoperative stability

The most superior point of the external acoustic meatus. Poy, is the midpoint of Po, and Pog
The most lateral point of the margin of the piriform aperture

The point of the maximum concavity in the midline of the dentoalveolar process of the maxilla
The most mesial point of the tip of the crown of the right upper central incisor.

The superior tip of the root of the right upper central incisor

The most superior point of the posterior margin of the nasopalatine canal

The most inferior point of the posterior margin of the nasopalatine canal

The most posterior midpoint of the posterior nasal spine of the palatine bone
The most inferior point of the mesial cusp of the crown of the first upper molar in the profile plane
The point of maximum concavity in the midline of the dentoalveolar process of the mandible

The most inferior midpoint of the chin on the outline of the mandibular symphysis

The point at the mandibular angle, defined by a perpendicular to the intersection point of the tan-
gent lines to the posterior margin of the vertical ramus and the inferior margin of the mandibular

Landmarks Abbreviations Definitions
Sella S The center of the hypophyseal.
Nasion N The midpoint of the frontonasal suture.
Orbital Or,/Org The most inferior point of the infraorbital rim.
Porion Po,/Pog/Poy,
Apertura piriformis point P/Pq
Subspinale A
Upper incisor U1
Upper incisor apex Ut A
Upper nasopalatine canal point ~ UNp
Lower nasopalatine canal point ~ LNp
Anterior nasal spine ANS The most anterior nasal spine
Posterior nasal spine PNS
Upper molar point U6,/Ubg
Supramental B
Pogonion Pog The most anterior point of the chin
Menton Me
Gonion Go,/Gog
body
Planes Abbreviations Definitions

Frankfort plane

FHP

Midsagittal plane MSP
Coronal plane CcpP
Occlusal plane OoP
Mandible plane MP

The plane crossing OrL, OrR and PoM

The plane passing S and N and perpendicular to FHP
The plane passing S and perpendicular to FHP and MSP
The plane passing U1, U6 and U6,

The plane passing Gog, Go, and Me

Mandibular changes after surgery and relapse
Postoperative mandibular changes (T0-T1) and subse-
quent relapse (T1-T2) are presented in Table 4. From
TO to T1, the B point moved posteriorly by —6.51 + 2.56
mm and vertically downward by 3.28 + 1.70 mm. The
SNB angle decreased by —3.91° + 1.98°, while the FMA
increased by 2.06° + 3.53".

During T1-T2, the B point exhibited a forward and
upward relapse of 1.71 + 1.94 mm (p < 0.001) and 2.12 +
1.99 mm (p < 0.001), respectively. SNB increased by 1.79°
+ 1.28° (p < 0.001), and FMA decreased by —2.31° + 2.49°
(p < 0.001).

Correlation analysis of variations after surgery

and at relapse

Correlation analysis revealed that the CRA of the ante-
rior maxilla after surgery (CRA+,.r;) had no significant
correlation with its relapse (CRA~, 1) (Fig. 4a). However,
mandibular relapse during the initial 12-month follow-up
(AB1,.15) was positively correlated with the magnitude
of mandibular setback after surgery (ABrq. ;). (Fig. 4b).
Furthermore, mandibular relapse (ABr; 1,) exhibited a
positive correlation with the postoperative change in the

labial inclination angle of the upper incisors (AU1-FHP;_
1) (Fig. 4c).

Discussion

Segmental Le Fort I osteotomy is a versatile surgical tech-
nique for addressing complex maxillary deformities [17].
The postoperative stability of the maxilla is influenced
by multiple factors, including the osteotomy method,
the number of segments, the magnitude and direction
of segmental movement, bone quality, internal fixation
techniques, and bone grafting [18]. This study specifically
investigated the effects of segmental movement magni-
tude and direction on the stability of the anterior maxilla
following clockwise rotation. To minimize confounding
variables, other factors, such as the osteotomy method,
number of segments, internal fixation techniques, and
bone grafting, were standardized across cases. Addition-
ally, patients with paper-thin maxilla were excluded to
avoid potential bias in outcomes.

Previous research assessing maxillary stability after
segmental osteotomy have primarily relied on two-
dimensional imaging and have rarely accounted for vari-
ations in osteotomy techniques, limiting their ability
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Fig. 3 Reference coordinate system and landmarks used for 3D cephalometry. a Reference coordinate system adhered to a left-handed orientation.
b Front view of the twenty landmarks. ¢ Sagittal view of the twenty landmarks and the planes. d Landmarks selection in DICOM data

to control confounding factors and generalize findings
[19-21]. With advancement of 3D imaging technology,
CBCT becomes indispensable for analyzing bone seg-
ment repositioning after osteotomy [22, 23]. Further-
more, 3D imaging allows for a more precise assessment
of postoperative segmental stability [23].In this study,
CBCT was used to evaluate the stability of anterior max-
illa after clockwise rotation and to explore whether the
degree of relapse was associated with the initial rotation
angle. Although CBCT provides more imaging informa-
tion, it also has certain errors, such as image registration
errors and anatomical landmark selection errors. To min-
imize these errors, all CBCT scans were acquired using a

standardized protocol, and voxel-based superimposition
techniques were applied to ensure accurate alignment
across different time points. Additionally, intra- and
inter-observer reliability tests were conducted, demon-
strating high reproducibility (correlation coefficients
>0.95).

Due to tension of the palatal mucoperiosteum, intra-
operative maxillary expansion is considered to increases
the risk of postoperative relapse [12, 13]. A finite element
model study by Sommerfeld et al. demonstrated that
palatal mucoperiosteum tension increases proportionally
with expansion, reaching 6-8 MPa when the posterior
maxilla is expanded by approximately 5 mm [14]. In our
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Table 4 Postoperative changes and relapse of the mandible

Variable Value Percent
Sex

Female 24 80%

Male 6 20%
Age (years)

Mean (range) 249 (18-39)
Follow-up (months)

Mean (range) 13.8 (12-30)
Surgical treatment

SLFI + BSSRO 30 100%

SLFI+ BSSRO + Genioplasty 18 60%
Orthodontic appliances

Fixed 22 73.3%

Invisible 8 26.7%
SLFI Segmental Le Fort | osteotomy
Table 3 Postoperative changes and relapse of the maxilla
Measurement Changes (TO-T1)  Relapse (T1-T2)

mean SD mean SD p-value

SNA(°) 553 278 -0.35 1.38 0.179
CRA() 10.02 3.86 -042 251 -0.915
OP-FHP() 3.66 327 -2.59 254 <0.001™"
U1-FHP() -1361 405 425 766 0005"
PP-FHP(°) 3.59 3.31 0.24 1.09 0.239
NP-FHP(°) -12.98 4.12 0.18 2.06 0.635
U1-NP() -0.05 070 412 699 0003
A_Y(mm) 325 142 -0.15 0.79 0.296
A_Z(mm) 1.96 132 -0.32 0.58 0.176
P_Y(mm) 6.22 1.40 -0.28 0.83 0.080
U1_Y(mm) -0.63 2.16 0.63 207 0016
U1_Z(mm) 1.97 1.29 —0.79 1.83 0.024"
PNS_Y(mm) 416 1.57 0.08 0.63 0511

One-sample t-test and Wilcoxon signed-rank test, test value =0

(_Y) sign and (_Z) sign indicate movements in relation to coronal and horizontal
planes

(-) sign of measurements of distance indicates movements in the upward and
posterior directions in relation to horizontal and coronal planes, respectively

* P<0.05 ** P<0.01 *** P<0.001

study, clockwise rotation of the anterior maxilla may have
encountered a similar challenge. To preserve adequate
blood supply, excessive detachment of the mucoperios-
teum should be avoided during surgery [2]. Therefore, as
the rotation angle increases, the resulting tension in the
palatal mucoperiosteum may contribute to postoperative
relapse.

In this study, the average intraoperative CRA of the
anterior maxilla was 10.02° + 3.86°. with a mean relapse

Measurement Changes (TO-T1)  Relapse (T1-T2)

mean sD mean sD p-value
SNB(°) —397 1.98 1.79 128 <0.001™"
FMA(®) 206 353 -231 249 <0.0017"
B_Y(mm) 651 2.56 171 1.94 <0.001™
B_Z(mm) 3.28 1.70 2.12 1.99 <0.0017"
Pog_Y(mm) —6.05 427 2.21 2.20 <0.001™"

One-sample t-test and Wilcoxon signed-rank test, test value = 0

(LY) sign and (_Z) sign indicate movements in relation to coronal and horizontal
planes

(-) sign of measurements of distance indicates movements in the upward and
posterior directions in relation to horizontal and coronal planes, respectively

* P<0.05 ** P<0.01 *** P<0.001

of —0.42° £ 2.51° one year postoperatively. The inclination
angle of the upper anterior alveolar bone and the sagittal
position of the paranasal landmarks (PR/PL) retained sta-
ble compared to immediate postoperative measurements.
These findings suggest that within a rotation range of
approximate 10°, the anterior maxilla could maintain sat-
isfactory postoperative stability. Furthermore, correlation
analysis revealed no significant association between post-
operative relapse and the intraoperative CRA, supporting
the reliability of clockwise rotation.

Since the spaces created by premolar extraction were
partially closed by posterior maxillary advancement, we
also evaluated the stability of posterior maxilla. The mean
advancement of the PNS immediately after surgery was
4.16 + 1.57 mm, with a minimal sagittal change of 0.08
+ 0.63 mm at 12 months postoperatively, indicating good
stability of posterior maxilla.

In contrast, the stability of the mandible was inferior
to that of the maxilla one year postoperatively. The mean
increase in SNB was 1.79 + 1.28°, and Point B exhibited
both anterior and superior displacement, indicating a
counterclockwise rotation trend of the mandible. Corre-
lation analysis demonstrated that greater mandibular set-
back was associated with higher relapse, consistent with
previous studies showing that skeletal relapse increases
with the extent of mandibular setback in single-jaw sur-
geries [24, 25]. Findings from studies on double-jaw
surgery also indicate that mandibular relapse rates are
relatively higher than maxillary relapse rates [26, 27].
Several factors contribute to relapse at point B, including
dental relapse, forceful posterior condylar positioning,
anterior mandibular rotation following surgical splint
removal, and impingement of the pterygomasseteric sling
[25, 28-30]. Additionally, as the mandible progressively
protrudes postoperatively, the upper incisors undergo
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Fig 4 Correlation analysis results. a Pearson'’s correlation
between CRA+, 1, and CRAy;. b Pearson’s correlation
between ABr, 1, and AByy ;. € Pearson’s correlation

between of ABy, 1, and AUT-FHPy, 1. P <0.05 was considered
statistically significant

labial inclination to maintain occlusion with the lower
incisor [11, 31].

However, in segmental Le Fort I osteotomy cases,
mandibular protrusion induced labial inclination is
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more complex, as both the upper incisors and the ante-
rior maxillary segment are subject to movement. There-
fore, when evaluating skeletal stability, it is essential to
distinguish between changes caused by upper incisor
inclination and those resulting from anterior maxillary
segment movement. Since traditional two-dimensional
radiographs cannot effectively separate dental and alveo-
lar inclination, we used CBCT in this study. The results
demonstrated a significant increase in the upper incisor
labial inclination 12 months postoperatively, which cor-
related positively with mandibular relapse. Meanwhile,
the changes in NP-FHP and U1-FHP from T1 to T2 were
0.18 + 2.06° and 4.25 + 7.66°, respectively, indicating that
while the upper incisors exhibited significant labial incli-
nation, the anterior alveolar bone remained stable. Accu-
rately differentiating between skeletal and dental changes
allows surgeons to identify factors causing postoperative
relapse and implement appropriate interventions. Pre-
vious studies have reported that bone anchorage tech-
niques can effectively control the labial inclination of the
upper incisors, thereby reducing mandibular relapse [32,
33].

This study primarily aimed to optimize the anterior
maxillary rotation angle to enhance the aesthetic out-
come of paranasal concavity correction. The advance-
ment of the paranasal landmarks in our study exceeded
that reported in previous studies using MMC clockwise
rotation [34-36]. Compared to MMC clockwise rota-
tion or advancement of the whole maxilla, this approach
offers greater flexibility, as it is not constrained by factors
such as the sagittal position of the upper incisors, man-
dibular plane angle, or occlusal plane angle. However,
further studies are needed to comprehensively evaluate
the aesthetic benefits of this approach.

This study has certain limitations. The postoperative
follow-up period was limited to 12 months, which only
permits short-term assessment of maxillary stability fol-
lowing orthognathic surgery. While some studies sug-
gest that most skeletal relapse occurs within six months
after surgery [26], long-term observation is necessary to
assess soft and hard tissue remodeling. Additionally, due
to sample size limitations, only a preliminary analysis of
relapse-related factors was conducted. A more in-depth
analysis requires a larger sample size and stricter control
of confounding variables. Furthermore, this study did
not provide information on functional outcomes, such as
changes in bite function, speech, or patient-reported sat-
isfaction. Future studies incorporating patient-reported
outcomes could provide valuable additional insights.

As a retrospective study, it has inherent limitations,
including reliance on pre-existing data, which may lead
to incomplete or inconsistent information, as well as
the potential for selection and recall bias. Despite these
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limitations, our study provides meaningful insights into the
stability of the maxilla following segmental Le Fort I osteot-
omy combined with anterior maxillary clockwise rotation
in patients with maxillary hypoplasia. These findings may
serve as a valuable reference for future prospective studies.

Conclusions

The combination of segmental Le Fort I osteotomy and
anterior maxillary clockwise rotation provides a stable
maxillary structure up to one year postoperatively and is
clinically feasible for patients with maxillary hypoplaisa.
Within a certain range of rotation angles, this technique
does not increase the risk of postoperative relapse of the
anterior maxilla. However, a tendency for mandibular
protrusion was observed postoperatively, accompanied by
labial inclination of the upper incisors relative to the alveo-
lar bone. This finding highlights the need for careful post-
operative management to minimize potential occlusal and
aesthetic implications.

Abbreviations

MMC Maxillomandibular complex

CRA Clockwise rotation of anterior maxilla
BSSRO  Bilateral sagittal split ramus osteotomy
3D 3-dimensional

Acknowledgements
We appreciate the help from engineer Jiakun Fang from Peking University
School and Hospital of Stomatology for her data manipulation advice.

Authors’ contributions

FS: Methodology, Data curation, Software, Writing original draft, Project
administration, Formal analysis; XX: Data curation, Project administration,
Software; ZL: Resources, Supervision, Funding acquisition; XL: Conceptualiza-
tion, Methodology, Supervision, Writing review & editing, Funding acquisition.
All authors read and approved the final manuscript.

Funding

This work was supported by grants from the National Natural Science Founda-
tion of China (N0.82171012) and Capital’s Funds for Health Improvement and
Research (CFH2022-2-4104).

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of the Stomatol-
ogy School of Peking University (PKUSSIRB202278111) and performed in
accordance with the 1964 Helsinki Declaration and its later amendment. The
informed consent was obtained from all subjects or if subjects were under 18,
from a parent and/or legal guardian.

Consent for publication
Written informed consent was obtained from the individuals for the publica-
tion of any potentially identifiable images or data included in this article.

Competing interests
The authors declare no competing interests.

Page 9 of 10

Received: 19 January 2024 Accepted: 24 April 2025
Published online: 27 May 2025

References

1. Peir6-Guijarro MA, Guijarro-Martinez R, Herndndez-Alfaro F. Surgery first in
orthognathic surgery: a systematic review of the literature. Am J Orthod
Dentofacial Orthop. 2016;149(4):448-62. https://doi.org/10.1016/j.ajodo.
2015.09.022.

2. Gill FBNDS. Orthognathic surgery: principles, planning and practice. New
York: John Wiley & Sons Ltd.; 2017.

3. Handelman CS.The anterior alveolus: its importance in limiting ortho-
dontic treatment and its influence on the occurrence of iatrogenic
sequelae. Angle Orthod. 1996,66(2):95-109. https://doi.org/10.1043/
0003-3219(1996)066%3c0095:Taaiii%3e2.3.Co;2.

4. MaH, LW, Xul, Hou J,Wang X, Ding S, Lv H, Li X. Morphometric evalu-
ation of the alveolar bone around central incisors during surgical ortho-
dontic treatment of high-angle skeletal class Il malocclusion. Orthod
Craniofac Res. 2021;24(1):87-95. https://doi.org/10.1111/0cr.12408.

5. Herndndez-Alfaro F, Guijarro-Martinez R. On a definition of the appropri-
ate timing for surgical intervention in orthognathic surgery. Int J Oral
Maxillofac Surg. 2014;43(7):846-55. https://doi.org/10.1016/j.ijom.2014.
02.007.

6. LyuH, MaH,HouJ,Wang X, Wang Y, ZhaoY, Li X. Three-dimensional
measurement of periodontal support during surgical orthodontic treat-
ment of high-angle skeletal class Ill malocclusion: a retrospective study.
Am J Orthod Dentofacial Orthop. 2022;162(6):839-49. https://doi.org/10.
1016/j.ajod0.2021.07.022.

7. Sonego CL, Bobrowski AN, Chagas OL, Torriani MA. Aesthetic and func-
tional implications following rotation of the maxillomandibular complex
in orthognathic surgery: a systematic review. Int J Oral Maxillofac Surg.
2014;43(1):40-5. https://doi.org/10.1016/j.ijom.2013.07.738.

8. Wolford LM, Chemello PD, Hilliard F. Occlusal plane alteration in orthog-
nathic surgery—part I: effects on function and esthetics. Am J Orthod
Dentofacial Orthop. 1994;106(3):304-16. https://doi.org/10.1016/S0889-
5406(94)70051-6.

9. Chemello PD, Wolford LM, Buschang PH. Occlusal plane alteration in
orthognathic surgery—part Il: long-term stability of results. Am J Orthod
Dentofacial Orthop. 1994;106(4):434-40. https://doi.org/10.1016/S0889-
5406(94)70066-4.

10. Chen YR, Yeow VK. Multiple-segment osteotomy in maxillofacial surgery.
Plast Reconstr Surg. 1999;104(2):381-8. https://doi.org/10.1097/00006
534-199908000-00009.

11. Ko EWC, Hsu SSP, Hsieh HY, Wang YC, Huang CS, Chen YR. Comparison of
progressive cephalometric changes and postsurgical stability of skeletal
class Il correction with and without presurgical orthodontic treatment. J
Oral Maxillofac Surg. 2011;,69(5):1469-77. https://doi.org/10.1016/j joms.
2010.07.022.

12. Ismail M, Wessel J, Farrell B. Maintenance of segmental maxillary expan-
sion: the use of custom, virtually designed, and manufactured palatal
appliances without the use of an occlusal splint. J Oral Maxillofac Surg.
2019;77(7):1468.e1461-1468.e1468. https.//doi.org/10.1016/jjoms.2019.
03.013.

13. Parizotto JOL, Borsato KT, Peixoto AP, Bianchi J, Cassano DS, Gongalves JR.
Can palatal splint improve stability of segmental Le Fort | osteotomies?
Orthod Craniofac Res. 2020;23(4):486-92. https://doi.org/10.1111/ocr.
12399.

14. Sommerfeld R, Bergamaschi IP, Scariot R, da Costa DJ. Evaluation of tissue
tensions in segmental maxillary osteotomies by finite element analysis. J
Oral Maxillofac Surg. 2020;78(12):2298.e2291-2298.2299. https://doi.org/
10.1016/j,joms.2020.07.002.

15. Liu XJ, LiQQ, Pang YJ, Tian KY, Xie Z, Li ZL. Modified method of recording
and reproducing natural head position with a multicamera system and a
laser level. Am J Orthod Dentofacial Orthop. 2015;147(6):781-7. https://
doi.org/10.1016/j.aj0od0.2015.01.016.

16. Haas Junior OL, Guijarro-Martinez R, Sousa Gil AP, Méndez-Manjén |,
Valls-Otandn A, de Oliveira RB, Herndndez-Alfaro F. Cranial base superim-
position of cone-beam computed tomography images: a voxel-based
protocol validation. J Craniofac Surg. 2019;30(6):1809-14. https://doi.org/
10.1097/5¢s.0000000000005503.


https://doi.org/10.1016/j.ajodo.2015.09.022
https://doi.org/10.1016/j.ajodo.2015.09.022
https://doi.org/10.1043/0003-3219(1996)066%3c0095:Taaiii%3e2.3.Co;2
https://doi.org/10.1043/0003-3219(1996)066%3c0095:Taaiii%3e2.3.Co;2
https://doi.org/10.1111/ocr.12408
https://doi.org/10.1016/j.ijom.2014.02.007
https://doi.org/10.1016/j.ijom.2014.02.007
https://doi.org/10.1016/j.ajodo.2021.07.022
https://doi.org/10.1016/j.ajodo.2021.07.022
https://doi.org/10.1016/j.ijom.2013.07.738
https://doi.org/10.1016/S0889-5406(94)70051-6
https://doi.org/10.1016/S0889-5406(94)70051-6
https://doi.org/10.1016/S0889-5406(94)70066-4
https://doi.org/10.1016/S0889-5406(94)70066-4
https://doi.org/10.1097/00006534-199908000-00009
https://doi.org/10.1097/00006534-199908000-00009
https://doi.org/10.1016/j.joms.2010.07.022
https://doi.org/10.1016/j.joms.2010.07.022
https://doi.org/10.1016/j.joms.2019.03.013
https://doi.org/10.1016/j.joms.2019.03.013
https://doi.org/10.1111/ocr.12399
https://doi.org/10.1111/ocr.12399
https://doi.org/10.1016/j.joms.2020.07.002
https://doi.org/10.1016/j.joms.2020.07.002
https://doi.org/10.1016/j.ajodo.2015.01.016
https://doi.org/10.1016/j.ajodo.2015.01.016
https://doi.org/10.1097/scs.0000000000005503
https://doi.org/10.1097/scs.0000000000005503

Song et al. BMC Oral Health

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

(2025) 25:809

Posnick JC, Adachie A, Choi E. segmental maxillary osteotomies in
conjunction with bimaxillary orthognathic surgery: indications — safety —
outcome. J Oral Maxillofac Surg. 2016;74(7):1422-40. https://doi.org/10.
1016/jjoms.2016.01.051.

Haas Junior OL, Guijarro-Martinez R, de Sousa Gil AP, da Silva Meirelles L,
de Oliveira RB, Hernandez-Alfaro F. Stability and surgical complications in
segmental Le Fort | osteotomy: a systematic review. Int J Oral Maxillofac
Surg. 2017;46(9):1071-87. https://doi.org/10.1016/}.ijom.2017.05.011.
Arpornmaeklong P, Heggie AA, Shand JM. A comparison of the stabil-

ity of single-piece and segmental Le Fort | maxillary advancements. J
Craniofac Surg. 2003;14(1):3-9. https://doi.org/10.1097/00001665-20030
1000-00002.

Chow J, Hdgg U, Tideman H. The stability of segmentalized LE fort | oste-
otomies with miniplate fixation in patients with maxillary hypoplasia. J
Oral Maxillofac Surg. 1995;53(12):1407-12. https://doi.org/10.1016/0278-
2391(95)90665-7.

Kretschmer WB, Baciut G, Baciut M, Zoder W, Wangerin K. Stability of Le
Fort | osteotomy in bimaxillary osteotomies: single-piece versus 3-piece
maxilla. J Oral Maxillofac Surg. 2010;68(2):372-80. https://doi.org/10.
1016/j,joms.2009.09.053.

Valls-Ontafnén A, Triginer-Roig S, Trujillo I, Brabyn PJ, Giralt-Hernando

M, Herndndez-Alfaro F. Three-dimensional evaluation of postoperative
stability: a comparative study between surgery-first and surgery-late
protocols. Int J Oral Maxillofac Surg. 2023;52(3):353-60. https://doi.org/10.
1016/j.ijom.2022.06.016.

Mansour NM, Kim YC, Lee JY, Choi JW. Differences in the stability of the
lesser and greater maxillary segments after cleft orthognathic surgery: a
retrospective study using 3D analysis. J Craniomaxillofac Surg. 2023;51(7-
8):416-26. https://doi.org/10.1016/j,jcms.2023.06.006.

Eggensperger N, Smolka W, Rahal A, lizuka T. Skeletal relapse after man-
dibular advancement and setback in single-jaw surgery. J Oral Maxillofac
Surg. 2004,62(12):1486-96. https://doi.org/10.1016/jjoms.2004.07.007.
Choi TH, Kim SH, Yun PY, Kim YK, Lee NK. Factors related to relapse after
mandibular setback surgery with minimal presurgical orthodontics. J Oral
Maxillofac Surg. 2019;77(5):1072.e1071-1072.e1079. https://doi.org/10.
1016/jjoms.2018.12.030.

Rizk MZ, Torgersbraten N, Mohammed H, Franzen TJ, Vandevska-
Radunovic V. Stability of single-jaw vs two-jaw surgery following the
correction of skeletal class Il malocclusion: a systematic review and
meta-analysis. Orthod Craniofac Res. 2021,24(3):314-27. https://doi.org/
10.1111/0cr.12456.

Chou JI, Fong HJ, Kuang SH, Gi LY, Hwang FY, Lai YC, Chang RC, Kao SY. A
retrospective analysis of the stability and relapse of soft and hard tissue
change after bilateral sagittal split osteotomy for mandibular setback of
64 Taiwanese patients. J Oral Maxillofac Surg. 2005;63(3):355-61. https://
doi.org/10.1016/},joms.2004.05.228.

Franco JE, Van Sickels JE, Thrash WJ. Factors contributing to relapse in
rigidly fixed mandibular setbacks. J Oral Maxillofac Surg. 1989;47(5):451-6.
https://doi.org/10.1016/0278-2391(89)90276-0.

Proffit WR, Phillips C, Dann CT, Turvey TA. Stability after surgical-orthodon-
tic correction of skeletal class Ill malocclusion. I. Mandibular setback. Int J
Adult Orthodon Orthognath Surg. 1991;6(1):7-18.

Wolford LM. The sagittal split ramus osteotomy as the preferred treat-
ment for mandibular prognathism. J Oral Maxillofac Surg. 2000;58(3):310-
2. https://doi.org/10.1016/50278-2391(00)90062-4.

Troy BA, Shanker S, Fields HW, Vig K, Johnston W. Comparison of incisor
inclination in patients with Class Ill malocclusion treated with orthog-
nathic surgery or orthodontic camouflage. Am J Orthod Dentofacial
Orthop. 2009;135(2):146.e141-146.e149. https://doi.org/10.1016/j.ajodo.
2008.07.012.

Nagasaka H, Sugawara J, Kawamura H, Nanda R. “Surgery first” skeletal
class Il correction using the skeletal anchorage system. J Clin Orthod.
2009;43(2):97-105.

Ko EWC, Lin SC, Chen YR, Huang CS. Skeletal and dental variables related
to the stability of orthognathic surgery in skeletal class Il malocclusion
with a surgery-first approach. J Oral Maxillofac Surg. 2013;71(5):e215-23.
https://doi.org/10.1016/j,joms.2012.12.025.

Catherine Z, Scolozzi P. Modified Le Fort | step osteotomy for improve-
ment of paranasal flatness in maxillary deficiency: technical note and
series of 24 cases. J Stomatol Oral Maxillofac Surg. 2019;120(6):559-65.
https://doi.org/10.1016/jjormas.2019.07.003.

35.

36.

Page 10 of 10

Lai H-C, Denadai R, Ho C-T, Lin H-H, Lo L-J. Effect of Le Fort | maxillary
advancement and clockwise rotation on the anteromedial cheek soft
tissue change in patients with skeletal class Il pattern and midface defi-
ciency: a 3D imaging-based prediction study. J Clin Med. 2020;9(1):262—
78. https://doi.org/10.3390/jcm9010262.

Choi JW, Lee JY, Oh T-S, Kwon SM, Yang SJ, Koh KS. Frontal soft tissue
analysis using a 3 dimensional camera following two-jaw rotational
orthognathic surgery in skeletal class Il patients. J Craniomaxillofac Surg.
2014;42(3):220-6. https://doi.org/10.1016/},jcms.2013.05.004.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.joms.2016.01.051
https://doi.org/10.1016/j.joms.2016.01.051
https://doi.org/10.1016/j.ijom.2017.05.011
https://doi.org/10.1097/00001665-200301000-00002
https://doi.org/10.1097/00001665-200301000-00002
https://doi.org/10.1016/0278-2391(95)90665-7
https://doi.org/10.1016/0278-2391(95)90665-7
https://doi.org/10.1016/j.joms.2009.09.053
https://doi.org/10.1016/j.joms.2009.09.053
https://doi.org/10.1016/j.ijom.2022.06.016
https://doi.org/10.1016/j.ijom.2022.06.016
https://doi.org/10.1016/j.jcms.2023.06.006
https://doi.org/10.1016/j.joms.2004.07.007
https://doi.org/10.1016/j.joms.2018.12.030
https://doi.org/10.1016/j.joms.2018.12.030
https://doi.org/10.1111/ocr.12456
https://doi.org/10.1111/ocr.12456
https://doi.org/10.1016/j.joms.2004.05.228
https://doi.org/10.1016/j.joms.2004.05.228
https://doi.org/10.1016/0278-2391(89)90276-0
https://doi.org/10.1016/s0278-2391(00)90062-4
https://doi.org/10.1016/j.ajodo.2008.07.012
https://doi.org/10.1016/j.ajodo.2008.07.012
https://doi.org/10.1016/j.joms.2012.12.025
https://doi.org/10.1016/j.jormas.2019.07.003
https://doi.org/10.3390/jcm9010262
https://doi.org/10.1016/j.jcms.2013.05.004

	Stability of maxilla after segmental Le Fort I osteotomy combined with anterior maxilla clockwise rotation in patients with maxillary hypoplasia: a retrospective study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Patients
	Data acquisition
	Preoperative virtual planning
	Surgical procedure
	Postoperative analysis
	Statistical analysis

	Results
	Patient demographics
	Maxillary changes after surgery and relapse
	Mandibular changes after surgery and relapse
	Correlation analysis of variations after surgery and at relapse

	Discussion
	Conclusions
	Acknowledgements
	References


