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Abstract
Midfacial hypoplasia is a common maxillofacial deformity in patients with cleft lip and palate, which
requires surgical treatment. However, achieving noninvasiveness in trans-sutural distraction osteogenesis
(TSDO) for midfacial hypoplasia has been di�cult. This study aimed to introduce the application of an
optical surgical navigation system (OSNS) developed by the authors in TSDO. Six consecutive patients
with midfacial hypoplasia (�ve boys and one girl, with an average age of 10 years; �ve patients with
postoperative cleft lip and palate, and one patient without combined cleft lip and palate) who required
TSDO were included in the study. Preoperatively, head computed tomography was performed, and the
data were imported into the computer's Mimics software (version 20.0) to design a three-dimensional
simulation of the surgical approach. TSDO was performed with the use of the OSNS, and the accuracy
and results of the procedure were initially evaluated by comparing the preoperative and postoperative
periods. The surgical procedure was successful, with a postoperative follow-up of 4–5 months. All
patients demonstrated good treatment results, without complications. Therefore, the OSNS can safely
and effectively guide the TSDO technique, essentially correcting midfacial dysplasia, achieving non-
invasiveness, improving surgical precision, reducing bleeding, and obtaining better clinical results.

Introduction
Midfacial hypoplasia is a common maxillofacial deformity in clinical practice, which is mostly observed
in patients with cleft lip and palate. In patients with cleft lip and palate, maxillary development is
restricted due to surgical or non-surgical infections, scars, and internal underdevelopment, whereas in
patients without cleft lip and palate, it is mostly caused by genetic and chromosomal problems, such as
the Crouzon syndrome and Apert syndrome 1. The restricted midfacial development can affect a patient's
appearance, pronunciation, and breathing, which could in�uence the patient’s self-esteem 2. Moreover, it
could cause great distress to the patient and family members and is not conducive to a patient’s growth
and development. Therefore, surgical treatment is performed in patients with midfacial hypoplasia. This
has always been the direction of research on maxillofacial surgery 3. As early as the 1990s, traditional
orthognathic surgical techniques or osteotomy techniques were used, which often required a combination
of Lefort osteotomy. This type of osteotomy requires exposing the maxilla and breaking the bilateral
maxilla to achieve the effect of advancement, which is highly traumatic and risky 4. In 1973, Snyder et al.
5 applied distraction osteogenesis to the craniofacial skeletal system for the �rst time. They discovered
that the mandible of a dog could be lengthened by distraction and also observed the effect of distraction
on craniofacial morphology with more satisfactory results. In 1997, Figueroa et al. 6 reviewed previous
studies and designed an externally adjustable rigid retraction device based on the original device, through
which it could be used to treat patients with midfacial hypoplasia in clinical practice with satisfactory
results; however, the patients also required the use of combined osteotomy techniques. In 2005,
Chunming Liu et al. 7; 8 introduced, for the �rst time, a minimally invasive, non-osteotomy trans-sutural
distraction osteogenesis (TSDO), a traction device that can effectively correct midfacial dysplasia while
avoiding the sequelae associated with osteotomy. Subsequently, Zhao Zhenmin et al. 9–11 have promoted
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this TSDO technique in the clinical practice for over ten years, and achieved satisfactory and long-term
follow-up results. TSDO is a safe and reliable technique for midfacial hypoplasia correction 12. In 2020,
Jiang et al. 13 conducted a meta-analysis of previous studies and reported that TSDO had a signi�cantly
lower recurrence rate than traditional osteotomy distraction. The same results were obtained by Ahn et al.
14 in 2021. TSDO is the preferred treatment for patients with corrected midfacial dysplasia. However,
achieving complete noninvasiveness with TSDO has been di�cult, and patients often require a small
intraoral and nasal basal opening to de�ne the surgical path through a minimally invasive opening.
Moreover, revealing the root associated with the tooth within the maxilla has been challenging, even when
the maxilla is exposed, which has been di�cult to overcome with TSDO.

With the rapid development of information technology, many operations can be made intelligent with the
help of computer-aided surgery (CAS) 15; 16. Here, TSDO was combined with the optical surgical
navigation system (OSNS) for the �rst time to display the surgical situation dynamically in real time,
guide intraoperative operations, and predict postoperative results. This greatly increases the accuracy
and reduces the trauma associated with surgery 17. TSDO in combination with CAS can reduce bleeding
and collateral damage, offering precise medicine and maximum patient protection.

Results
Altogether, six patients were included in this study: �ve boys and one girl, with a mean age of 10 years.
Five patients had midfacial dysplasia combined with cleft lip and palate postoperatively, and one patient
had no combined cleft lip and palate. The surgical procedure was smooth, the median intraoperative
bleeding was 10 ml, and the postoperative follow-up was 4–5 m. All patients demonstrated good
therapeutic effects without any complications and were satis�ed with the results of the postoperative
traction. After traction, using the data in the sagittal position, the maxillary deformity was corrected, and
the correction of the maxillary deformity was also found in the pro�le.

Discussion
The treatment of midfacial hypoplasia is of great signi�cance in adolescents, with the goal of correcting
midfacial deformities, improving appearance, articulation and breathing disorders, and regaining self-
con�dence 2. Traditional orthognathic surgery, osteotomy, and traction surgery often require the use of
Lefort osteotomy techniques, which are traumatic and highly risky 4. Hence, they are gradually
discontinued in clinical practice for correcting facial hypoplasia in adolescents. Meanwhile, TSDO is a
minimally invasive, non-osteotomy procedure that has become the procedure of choice for children with
midfacial hypoplasia 18; 19; however, a minimally invasive incision is often required to expose the maxilla
and de�ne the surgical path to allow observation of the situation related to the roots and nerves in the
maxilla, which may damage the roots and nerves in complicated cases.
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Arti�cial intelligence can be used to assist surgery in other parts of the body to achieve better results 20–

22. For example, traditional craniofacial intelligent navigation often requires a positioning device in the
head, which can interfere with the placement of the head frame in TSDO and readjustment of the site
after intraoperative head position changes. However, this device cannot be su�ciently adjusted at any
time, thereby greatly limiting its use in TSDO.

Currently the OSNS is a surgically assisted navigation device that has gained widespread interest owing
to its enhanced ability to visualize surgery-related dynamics in real time 23. In this study, we present the
application of an OSNS developed by the authors in TSDO. It has the following advantages: �rst, it is
based on an optical navigation system, which was successfully applied for the �rst time in TSDO;
second, by perfecting the modeling in advance and producing visualized images, it can guide the surgical
approach dynamically in real time, which is more minimally invasive and achieves precise medical
treatment; third, by combining the use of preoperative data, it allows observation of the situation related
to the roots in the maxilla in real time, which minimizes the damage to the roots and teeth; fourth, the
OSNS, which no longer requires a frontal �xed signal receiver, can greatly increase the scope of plastic
surgery through the positioning kit out of the braces, and can control plastic surgery more precisely; �fth,
the 3D Mimics 20.0 software can be used to determine the clinical effect before and after traction, and
precisely de�ne the traction site to provide more precise guidance for subsequent research 23; 24.

In this group of six patients, TSDO was performed with the assistance of optical surgery. The operation
was successfully performed in all the patients, avoiding incisions through the mucosa and the nasal base
of the oral cavity, realizing true "minimally invasiveness,” reducing bleeding, and maximizing the
protection of the patient's roots and nerves, especially in di�cult patients. Preliminary clinical
applications have shown that TSDO combined with an OSNS can precisely correct midfacial hypoplasia.

Regarding application, according to different individuals, the design can be tailored to choose the most
suitable surgical access. For the surgeon, this combination breaks the dilemma that traditional TSDO is
unable to observe the surgical approach dynamically in real time without incision; for the patient, the
surgical design is more reasonable, more effective in avoiding other structures in the maxilla, and precise
placement of the traction hook can achieve the best traction effect, allowing the patient to obtain the best
surgical results with minimal trauma. Therefore, combination with the OSNS accelerates the promotion
and application of TSDO-related surgery and further shortens the learning curve 25; 26, which is another
milestone in the �eld of treatment related to midfacial hypoplasia correction.

The application of an OSNS in TSDO can provide surgeons with better control over surgery, which can
effectively improve the e�ciency and safety of surgery and reduce patient trauma. However, this study
had some limitations. First, surgery time in the early stage of learning combined with arti�cial intelligence
may be slightly longer, although the surgery time can be shortened after improving surgery skills, which is
also in line with the traditional learning curve. Second, the sample size was small because the
combination of the OSNS and TSDO is the �rst of its kind. Nevertheless, we intend to expand the sample
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size and combine it with prospective longitudinal clinical studies in the future to obtain more effective
results and explore the advantages of TSDO combined with the OSNS.

In conclusion, the OSNS can effectively guide the application of TSDO in correcting midfacial dysplasia.
The procedure is non-invasive, improves surgical precision, reduces bleeding, and obtains better clinical
results.

Methods

General information
Six patients with midfacial hypoplasia who were admitted to the Department of Plastic Surgery, Peking
University Third Hospital from July 2021 to August 2021 were enrolled in this study. General indicators,
such as patient age, sex, operation method, and bleeding volume, were collected. The patient and
demographic characteristics of the patients are summarized in Table 1. All medical protocols in this
study adhered to the Declaration of Helsinki. This study was approved by the Institutional Review Board
of Peking University Third Hospital (approval number: M2021645). All methods were performed in
accordance with the relevant guidelines and regulations of our hospital. Informed consent to release
information and images from online open-access publications was obtained from all participants. The
following work�ow was applied by surgeons and mechanical engineers, as shown in Figure 1.

Procedure

Step 1: pre-operative preparation 
Preoperatively, a dual-source computed tomography (CT) scanner (SOMATOM De�nition Flash 128 Rao,
Siemens, Germany) was used to perform a spiral scan of the patient's whole skull with a layer thickness
of 0.5 mm, and the CT data were imported into the Mimics 20.0 software in DICOM format data format
for craniomaxillofacial 3D reconstruction. Model 3D printing was performed using a Stratasys, Objet 500
Connex 3 3D printer, and the pre-designed surgical design, which is the traction hook placement
perforation points, was re�ected on the printed model.

Step 2: components and working principle
The OSNS was based on the following components: binocular navigators, monitors, marker positioning
devices, braces, bridging sleeves, and real-time probe devices. The principle is to use intraoperative real-
time tracking and positioning technology to calculate the position of the surgical operation target point in
relation to the surgical instruments or probes in real time, render them in real time, and then display the
model and surgical instruments or probes on the monitor simultaneously to provide accurate surgical



Page 6/15

guidance to the surgeon. The system hardware includes several parts, such as a binocular lens, computer
host, and monitor used to identify and position the marker. The alignment simulation was performed on
the 3D printed model through an OSNS to test the alignment accuracy. The cranial model is recognized
by the binocular lens through the marker on the brace struts and on the surgical instruments, and the
image is transmitted to the computer software in real time, which facilitates the simultaneous
observation of the operation through the monitor. The alignment accuracy error was <2 mm by more than
�ve simulations preoperatively (Fig. 2).

Step 3: OSNS for intraoperative guidance
Figure 3 illustrates the real-time process of guiding the surgery, dynamically based on the OSNS.

During the operation, this navigation system was used to locate the maxilla at the outer edge of the bony
pyriform foramen on both sides, and the surgical access was clearly de�ned at a distance of 6 mm above
the root of the cuspid and approximately 1 cm from the lateral edge of the pyriform foramen. With the
assistance of the OSNS, the surgeon could observe the real-time location of the probe through the display
screen without cutting the upper lip mucosa, separating the tissues to expose the maxilla, and then
mechanically punching a hole and placing the retraction hook after the clear location. This greatly
reduces soft tissue damage, while protecting the roots of the teeth. For the placement of the cephalic
frame, it can be positioned by precise measurement preoperatively, and the position of the �xed screw
punching can be re�ected in the scalp projection point in real time through the OSNS intraoperatively to
avoid visual errors.

Step 4: evaluating the safety and effectiveness of the OSNS
Postoperatively, a cranial X-ray was performed to clarify the position of the traction hook and calculate
the bleeding volume. After traction, the head frame was removed. Cranial CT was reviewed to evaluate
the traction effect. The preoperative 3D reconstructed image was used as the base coordinate system,
and the 3D cranial model was reconstructed after treatment (after removal of the traction hook), �tted to
the base coordinate system to measure the changes in the morphological position of the patient’s maxilla
before and after treatment and to verify the relationship between the preoperative desired traction hook
placement points and the actual postoperative position points to verify the accuracy of the optical
navigation system. The coordinates of the bilateral traction hook placement points were measured in 3D
space before and after treatment in two patients, as shown in Figure 4, and the data obtained are
summarized in Table 2.

Brief steps of the operation
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The patient was in supine, and braces were �tted. After administration of anesthesia, the nasal and oral
cavities were routinely disinfected and rinsed with a diluted iodophor. The preoperatively designed
surgical access was initially de�ned using the OSNS for positioning. Along the mark toward the pear-
shaped foramen in the nasal aperture, mechanical perforation was performed using a K-wire to avoid the
root of the tooth. After the successful perforation, retraction hooks were placed through the nostrils. The
contralateral side was treated similarly. Using the OSNS to locate the precise site of cephalic brace
placement on both sides of the temporal top, an incision of approximately 4–5 mm in length was made
along the direction of the super�cial temporal artery terminal alignment using a Melan marker, the scalp
was incised. Vascular forceps were used to bluntly separate the subcutaneous to the periosteum, and the
cephalic brace was �xed using titanium nails, while the vertical and horizontal rods of the traction brace
were installed.
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Tables
Table.1

 Characteristics of the 6 patients included in the study
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Patient

 

Age

(years
old)

Sex Disease Cleft lip
and
palate

Complication Time

(hours)

Bleeding

(ml)

Follow-
up period
months

1 7 M maxillary
retrusion

Y N 5.5 10 5  

2 10 M maxillary
retrusion

Y N 7 5 5  

3 9 M maxillary
retrusion

Y N 7 5 4  

4 12 M maxillary
retrusion

Y N 6.5 10 4  

5 9 M maxillary
retrusion

Y N 6 10 5  

6 13 F maxillary
retrusion

N N 4 5 4  

Abbreviations: M: male, F: female, Y: yes, N: none.

 Table.2

 Three-dimensional spatial position and SNA and SNB angles of the preoperative and postoperative
traction hook placement points.



Page 11/15

    X (Transverse) Y (sagittal) Z (coronal) SNA SNB

Patient Operation A (left) B (right) A (left) B (right) A (left) B (right)    

1 pre- 67.5 64.5 132.7 102.7 189.4 196,2 69° 71°

post- 66.5 63.5 133.8 102.2 191.8 199.1 76° 71°

2 pre- 180.5 184 145.1 98.7 286.7 191.9 86° 80°

post- 179.5 183.5 145.6 98.3 193.8 197.1 97° 82°

3 pre- 95.5 93.5 124.1 83.6 161.8 164.3 87° 77°

post- 95 93 125 84 167.7 169 95° 78°

4 pre- 83 81 137 95 174 178 85° 86°

post- 83 80 138 95.3 178.2 183 93° 86°

5 pre- 98 95 145.1 108.7 158.7 159.9 83° 85°

post- 98 94 144.8 107.7 164.6 164.2 92° 86°

6 pre- 84 84.5 158.4 122 192.6 189.1 84° 83°

post- 83.5 84 158.6 122.3 197.8 194.1 90° 84°

It can be seen that through the maxillary traction surgery, there is little change in the position of the
bilateral traction points to the transverse axis and sagittal axis, but there is a signi�cant difference to
the coronal axis, indicating a signi�cant anteriority of the maxilla. By preoperative and postoperative
SNA and SNB angle measurements, it can also be seen that there is a signi�cant anteriority of the
maxilla and no signi�cant change in the mandible, with signi�cant improvement in the Underbite.

 

Figures
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Figure 1

The workfow of the whole process.



Page 13/15

Figure 2

Components and working principle of optical navigation system.

Identi�cation of the probe and the Marker on the braces by the binocular lens for positioning on the
model, while the probe and the reconstructed model of the skull are presented in real time on the monitor.
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Figure 3

Illustrates the real-time process of guiding the surgery, dynamically based on this navigation system.

a, Preoperative design of traction hook placement points; b, the position of the �xed screw punching can
be re�ected in the scalp projection point in real time through the OSNS intraoperatively; c,d, With the
assistance of the navigation system, the surgeon could observe the real-time location of the probe
through the display screen without cutting the upper lip mucosa, separating the tissues to expose the
maxilla.
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Figure 4

Evaluating the safety and effectiveness of the OSNS.

a, A cranial X-ray was performed to clarify the position of the traction hook;

b,c,d, The preoperative 3D reconstructed image was used as the base coordinate system, and the 3D
cranial model was reconstructed after treatment (after removal of the traction hook), �tted to the base
coordinate system to measure the changes in the morphological position of the patient’s maxilla;

e, The morphological position of the patient’s maxilla before and after treatment.


