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A lot of books have been written about orthognathic surgery, but I think none as well illustrated 
and timely.

The aim of this book is to introduce the concept of minimally invasive (MI) surgery for the 
standard orthognathic surgery procedures. Doing this safely, precisely, and efficiently involves 
a lot of prescriptions, starting with the planning but also during the perioperative phase and 
aftercare. This book describes in great detail all aspects that are essential for that facilitate MI 
orthognathic surgery.

There is a lot of evidence in most surgical disciplines that MI surgery has brought about a 
lot of advantages: better outcomes, faster recovery for the patient, less comorbidities, shorter 
hospital stays, and better cost-efficiency. The laparoscopy has pushed the laparotomy into a 
very small corner with few indications. Endoscopic procedures have also been tried in Oral and 
Maxillofacial (OMF) Surgery in general as well as orthognathic surgery. But for now, at least 
there is no evidence that an endoscopic approach for the basic orthognathic techniques is via-
ble. Until maybe the day that robotics, navigation, and artificial intelligence (AI) make a quan-
tum leap of progress for these specific indications. Mind you, there are first anecdotal reports 
on robotic insertion of dental implants. So, the alternative to endoscopic orthognathic surgery 
consists then in minimizing the length of the incision, extend the tunnelling of the flaps and 
limiting the areas of degloving of the periosteum. And to do so in an optimal systematic way 
for all basic orthognathic procedures. Other criteria of course are protection of the tissues thus 
avoiding damage, creating adequate access and visibility of the target areas, and achieving the 
simulated results and length of the surgical procedure.

More importantly, there is sound biological thinking behind the concept of MI orthognathic 
surgery. The rationale is very well explained and underpins the rationale for the following 
chapters. Making incisions shorter and safe degloving can be done by moving the incision 
further away from the mucogingival border. This will lead to less risk of gingival retractions 
and periodontal damage. Obviously, a short incision along the inside of the upper lip combined 
with atraumatic tunnelling toward the maxillary tuberosity leads to equally good exposure as a 
long incision just above the mucogingival border extending from one molar to the contralateral 
one. But the former will keep the non-randomized blood supply of the buccal flap intact and 
the degloved area can be limited vertically to the osteotomy level, without disturbing the peri-
osteal attachment and blood supply to the alveolar process. Avoiding acute ischemia at the time 
of osteotomy and down-fracture as well as long-term chronically decreased intra-osseous oxy-
gen tension are essential to avoid damage to teeth and periodontium. Some reports suggest 
significantly increased occurrence of dental pulp obliteration following “classical” approaches 
for Le Fort I osteotomies. And we do not want to create an ideal smile line, with exposure of 
the interdental papillae, while at the same time risking losing the fullness of these by chronic 
low-grade ischemia that could result in black interdental triangles. It is therefore important to 
keep this buccal flap as broad as possible and as well attached to the inferior portion of the 
maxilla as possible. This source of blood supply becomes even more critical in case of surgical 
damage to the major palatine artery and in some cleft cases where this blood supply is 
compromised.

Foreword

www.shayannemoodar.com 



viii

Similarly, minimal but safe degloving is advantageous for the sagittal split osteotomy 
(SSO). Maintaining blood supply to the condylar head and neck is important for the long-term 
stability of the condylar volume, which seems to be affected by these osteotomies. And there 
is no need for aggressive stripping of the masseteric mandibular insertion along the entire 
length of the mandibular angle, as this can lead to excessive and unpredictable resorption of the 
gonial angle, having devastating aesthetic consequences in some cases.

Executing a surgically assisted maxillary expansion via a small endonasal incision and 
approach on both sides of the piriform rim illustrates best the principle of “minimally invasive-
ness,” combined with long tunnelling and safe handling of the cutting instruments. This 
approach indeed creates “closed boxes” where the distraction osteogenesis (DO) can occur 
undisturbed. Obviously, under the correct circumstances this approach will also lead to mini-
mal bleeding, swelling, and discomfort for the patient with optimal postoperative fast 
recovery.

Equally the MI orthognathic approach for the genioplasty results in minimal incision, safe 
and minimal degloving, and adequate fixation of the well-vascularized chin prominence.

The author has convincingly demonstrated in this book that criteria of safety, efficiency, 
maximizing blood supply, and minimizing morbidity can be met. This requires a number of 
preconditions that all should be fulfilled. The first one was the development of new adapted 
instruments that allow for easy manipulation of the target areas via small incisions and long 
narrow tunnels. Instead of this being a risky leap of faith with unknown risk when trying this 
out, which we should not do, the author describes a standardized routine to proceed safely, 
swiftly, and precisely in a non-traumatic way.

The core of the book consists of step-by-step description and illustration of the basic orthog-
nathic procedures in a “Minimally Invasive (MI) Approach” with a “Minimally Invasive 
Mindset”: Le Fort I osteotomy, bilateral sagittal split osteotomy, genioplasty, surgically 
assisted maxillary expansion. Those illustrations have a consistent format consisting of graphi-
cally representing the correct use of surgical instruments using cadaveric specimen, synthetic 
skulls, clinical drawings, and highlighted text blocks. The quality of the photography and 
illustrations is superb, not to mention perfect. These illustrations accompany the step-by-step 
description of all relevant surgical actions during a specific procedure. These descriptions are 
detailed and self-explanatory. These chapters and their illustrations must have been a huge and 
time-consuming effort for all involved, not at least the photographer and the illustrator.

Obviously, using new instruments alone will not lead to better or less invasive surgery.
Professor Swennen has to be commended for describing in detail all other aspects that are 

key for a successful outcome. These deal with the preparation of the patient immediately prior 
to surgery, the anesthetic protocols, hypotension, local vasoconstriction, the positioning of the 
assistants and the nurse, the use of a specific extension of the OR-table, and all aspects of the 
aftercare.

But actually, the MI orthognathic procedure starts much earlier. If we are going to make 
small incisions combined with long tunnels and minimal degloving, we must know exactly 
where the osteotomy cuts will be and where there will be interferences that need removing, so 
that we can stick to the MIS principles. That is where precise planning is essential. The authors 
describe in detail the clinical examination and documentation that are essential for the surgical 
planning as well as the 3D planning itself which should be done by the surgeon him/herself, so 
that they have detailed insight not only of the surgical movements they are planning but also 
all details relevant for MIS.

As we all know, a good research paper should be written such that an experiment can be 
duplicated elsewhere in an identical way, leading to identical or similar results. It seems to me 
that this book allows exactly to achieve this as well. The solid structure of the book, the amount 
of details, and the illustrations should allow for that once the team is beyond the learning 
curve. As for the learning curve itself, this can be shortened significantly by following the step-
by- step instructions and illustrations in a simulated situation as illustrated in the book.
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I wish to congratulate Professor Gwen Swennen, the photographer Valerie Swennen-
Boehlen, and all contributors with this detailed atlas of excellent quality.

Professor Gwen Swennen cites in his book Theodore Lewitt: “Creativity is thinking up new 
things, innovation is doing new things.” I think that he has proven what innovation is. With a 
relentless passion and hard work over the past decades, he has developed an innovative way to 
perform minimally invasive (MI) orthognathic surgery based on precise 3D virtual planning 
and simulation, as well as creating modified instruments to facilitate MIS.  All of what is 
explained in this atlas, is backed by multiple peer-reviewed papers. His two previous books 
were innovating the area of 3D cephalometry (2005) and 3D virtual planning (2016). This new 
book eloquently squares the circle of innovation in orthognathic surgery.

Piet Haers
Oral and Maxillofacial Surgery,   

Guildford Nuffield Hospital 
Guildford, UK

Dental Implant and Maxillofacial Centre
Hong Kong
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Orthognathic surgery has witnessed a phenomenal paradigm change in the last two decades. 
This change has been driven by two specific factors, namely: 3D planning and improvement of 
surgical techniques. The advancement of 3D planning has allowed surgeons to design skeletal 
surgery in a predictable and accurate manner, yielding a significant improvement in surgical 
outcomes. Gwen Swennen, undoubtedly one of the top oral and maxillofacial surgeons in the 
world, has definitely contributed to this development and in cooperation with KLS Martin 
designed a comprehensive user-friendly platform for 3D planning.

Minimally invasive surgical techniques have revolutionized the field in recent years. In this 
new book, Gwen and his coauthors provide a comprehensive overview of different orthogna-
thic surgical techniques in an orderly and well-structured manner. Drawing on his years of 
experience, Dr. Swennen offers an in-depth and practical analysis of the latest techniques, used 
in orthognathic surgery. I am happy and honored to see that some of my original published 
techniques such as our minimally invasive Le Fort I, with a reduced approach using tunnelling 
techniques, as well as our technique for cross suturing of the nasal muscles to prevent nasal 
widening, have also been incorporated in the book.

To give a practical twist, the authors again in partnership with KLS Martin have developed 
an extensive array of surgical instruments for each of the described surgical approaches. 
Precise indications for each of those instruments are presented in the book.

Overall, this book is an essential resource for anyone interested in orthognathic surgery. It 
provides a comprehensive overview of the field and is filled with valuable insights and practi-
cal advice. Whether you are a novel or experienced surgeon, this book is must-read.

Federico Hernández-Alfaro
Full Professor and chairman, Department of Oral and Maxillofacial Surgery

Universitat Internacional de Catalunya (UIC)
Barcelona, Spain

Director, Institute of Maxillofacial Surgery
Teknon Medical Center

Barcelona, Spain
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There’s a way to do it better – find it …
Thomas. A. Edison 1957

Creativity is thinking up new things … Innovation is doing new things.
Theodore Levitt 1986

Education is the path to Innovation . . .
Peter Serdyukov 2017

For 25 years, I have been focusing on how to decrease patient morbidity and increase post-
operative recovery and comfort after orthognathic/orthofacial surgery by continuous self-
reflection, research, education, and innovation.

The Color Atlas and Manual on Three-Dimensional Cephalometry (Springer, 2005) was an 
attempt to bridge conventional cephalometry with the 3D virtual approach by the introduction 
of 3D cephalometry. It is amazing that after more than 18 years the concept of this atlas remains 
more than actual for both orthodontists and surgeons.

3D Virtual Treatment Planning of Orthognathic Surgery: A Step-by-Step Approach for 
Orthodontists and Surgeons (Springer, 2017) represented a comprehensive, systematic, stan-
dardized but above individualized patient approach toward 3D virtual planning of orthognathic 
surgery in the daily clinical routine.

Although I promised myself afterwards never to undertake a book project anymore, the 
intrinsic force toward teaching was just too big. The COVID-19 pandemic with three lock-
downs in my country made me aware of how important education is to stimulate research 
toward innovation for better healthcare.

This new atlas Minimally Invasive Orthognathic Surgery represents the third part of a “tril-
ogy” based on a “personal 25 years Odyssey” dedicated to improving overall care of patients 
with maxillofacial deformity. I sincerely hope that this manual will be a guide for both young 
and experienced surgeons to increase both their own skills and the quality of life of their 
orthognathic patients.

Bruges, Belgium Gwen R.J. Swennen  
April 2023
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1Background and Introduction to 
Minimally Invasive (MI) Orthognathic 
Surgery

Fernando de O. Andriola, Yves Weinberg, 
and Gwen R.J. Swennen

Minimally invasive (MI) surgery has been described by 
Hunter in 1999 as a discipline that involves a novel way to 
perform operative procedures with the main goal of decreas-
ing the sequelae of traditional surgery. In the last two and a 
half decades, MI surgical approaches were developed in dif-
ferent medical surgical fields and within Oral and 
Maxillofacial Surgery (OMFS) toward different OMFS pro-
cedures such as temporomandibular joint (TMJ), facial 
trauma and salivary gland surgery. In this chapter, the back-
ground of MI orthognathic surgery and development of new 
MI orthognathic surgical techniques are described. Based on 
evidence-based literature “MI mindset” parameters and con-
siderations toward optimizing surgical efficiency and 
decreasing patient morbidity are outlined. Finally, a new 
“Minimally Invasive Orthognathics Algorithm” that summa-
rizes the overall concept to enhance the Quality of Live 
(QoL) of patients with maxillofacial deformity undergoing 
orthognathic/orthofacial surgery is presented.

General Considerations About Minimally 
Invasive (MI) Surgery

Minimally Invasive (MI) surgery is described as a discipline 
that involves a “novel way” to perform operative procedures, 
with the main goal of decreasing the sequelae of traditional 
surgical techniques [1]. MI surgical approaches have been 
incorporated in different medical surgical fields, being con-
sidered effective in both decreasing patient morbidity and 
improving esthetic results [1–4]. Thoracic surgery, neurosur-
gery, and feet and hand surgery are some examples of differ-
ent areas in which MI surgical techniques were initially 
developed and published in the scientific literature [5–13].

Even though its definition is still considered unclear by some 
authors, it is usually associated with (1) enhanced and precise 
preoperative planning, (2) development of dedicated intraopera-
tive techniques and instruments, and (3) specialized postopera-
tive care. In this regard, endoscopically assisted surgery, 
piezosurgery, and intraoperative navigation are frequently men-
tioned as important tools to perform MI surgeries as well [3].

In recent decades, MI surgical approaches became “state-
of- the-art” when it comes to patient recovery and quality of 
life (QoL) during the postoperative period, since the wide 
range of possible applications can significantly help to pre-
vent complications and allow the achievement of treatment 
goals in a safer, faster and more gentle manner [3]. By reduc-
ing soft tissue trauma and decreasing overall patient morbid-
ity, the concept of MI surgery has been encouraging patients 
who were until recently reluctant and even averse to any kind 
of surgical procedure. The main reasons are that the recovery 
time is also shorter and considered much more comfortable 
regarding edema, bleeding, and pain [14] in comparison to 
conventional surgical approaches.

In general terms, MI techniques are normally associated 
with smaller incisions, tunneling techniques to avoid exten-
sive degloving of soft tissues, and decreased operating time, 
consequently enhancing the quality of tissue healing, reduc-
ing the risk of infection, and improving the whole postopera-
tive experience.
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Minimally Invasive (MI) Orthognathic 
Surgery

Likewise in other surgical fields, MI techniques were devel-
oped and are currently used in several Oral and Maxillofacial 
Surgery (OMFS) procedures. MI surgery was first intro-
duced in OMFS through the development of endoscopic-
assisted surgical approaches to treat salivary gland diseases, 
especially sialolithiasis [15–21].

By using less invasive techniques, the morbidity and some 
inherent complications following conventional surgical pro-
cedures of the parotid and submandibular glands (e.g., facial 
scars, nerve damages, numbness, and salivary fistulas) could 
be successfully reduced [21]. Meanwhile, the endoscope 
started being used for other surgical approaches, such as in 
neurological facial surgery [22, 23] and temporomandibular 
joint (TMJ) arthroscopy [24–28].

Moreover, different MI techniques to treat TMJ disorders 
(TMD) were developed, such as arthrocentesis and 
arthroscopic TMJ surgery [29–31]. Additionally, MI surgical 
techniques to treat condylar [32, 33] and other facial trau-
mas, such as orbital fractures [34–36] were introduced.

Besides the endoscopic-assisted techniques, intraopera-
tive navigation, [37–39] distraction osteogenesis, [40, 41] 
and tissue engineering [42, 43] have also been described as 
alternatives to minimize patient morbidity. Although each of 
the latter technologies certainly provides specific advan-
tages, special attention always needs to be paid to guarantee 
that their implementation will not extensively increase the 
overall surgical time, which would be a drawback toward the 
MI surgery philosophy.

Toward orthognathic surgery, several MI techniques have 
been described and evaluated throughout the last decades, as 
described below (Sects. “Background of MI Orthognathic 
Surgery” and “MI Orthognathic Surgical Techniques”).

Background of MI Orthognathic Surgery

MI orthognathic surgical techniques have been developed to 
minimize patient morbidity in relation to the conventional 
more “wide-open” approaches, aiming to reduce surgical 
operating time, intraoperative bleeding, trauma to the soft 
tissues, and postoperative discomfort [3].

Scientific evidence has shown that patients undergoing 
orthognathic surgery using small incisions and minimal dis-
section have less morbidity and present a faster postoperative 
recovery after different orthognathic procedures, [3, 4, 44] 
such as surgical-assisted rapid palatal expansion (SARPE), 
[45–48] Le Fort I, [46, 49, 50] sagittal split, [51–53] and chin 
[54] osteotomies. Together with the improved clinical out-
come and patients’ positive feedback, the traditional philoso-

phy of “Big Surgeons, Big Incisions”, which for decades has 
guided surgical training and operation routine around the 
world, is gradually changing.

The “less-degloving mindset” and enhancement of surgi-
cal efficiency are meanwhile considered as the key parame-
ters toward decreasing postsurgical discomfort and 
shortening of the rehabilitation period of patients undergoing 
orthognathic surgery [3].

The main parameters to perform orthognathic surgical 
procedures following a “Minimally Invasive (MI) Mindset” 
based on the scientific literature [3] are summarized in 
Table 1.1.

MI Orthognathic Surgical Techniques

According to AlAsseri and Swennen, [3] there is evidence in 
the scientific literature supporting that the application of MI 
techniques in orthognathic surgery is considered safe, feasi-
ble, and effective. Nevertheless, despite the reported distinct 
benefits of the available techniques, the steep surgical learn-
ing curve, operating time, and costs are important factors 
that should be considered before their routine clinical 
application.

Several studies that describe and evaluate different MI 
orthognathic approaches have been published. In 1990 
decade, Morselli [45] described a less traumatic technique 
toward the maxillary osteotomy used in surgically assisted 
rapid palatal expansion (SARPE) where no mucosal incision 
or mucoperiosteal reflection was necessary. The author used 
only a 2-mm osteotome to perform the midline, the horizon-
tal, and the pterygomaxillary sutures osteotomies. A very 
high success rate was reported, and all 24 patients presented a 
rapid postoperative recovery with less postoperative pain. 
Regarding the incision length and the extent of degloving in 
different orthognathic surgical procedures, no significant 
changes were reported until Hernández-Alfaro et al. [47, 50] 
described a limited approach toward SARPE and the Le Fort 
I osteotomy through small buccal incisions followed by lim-
ited dissection. In the SARPE technique, pterygomaxillary 

Table 1.1 “Minimally Invasive (MI) Mindset” parameters toward MI 
orthognathic surgery

• Use of MI surgical techniques.
• Smalla incisions.
• Less subperiosteal degloving.
• Care and protection of soft tissues.
• Gentle retraction.
• Delicate instruments.
• Avoid unnecessary tissue trauma.
• Surgical efficiency (decreasing surgical operating time).

aAs small as possible, but big enough to provide an adequate safe access 
and avoid lacerations

F. de O. Andriola et al.
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(PTM) disjunction was performed under intravenous (IV) 
sedation through the “twist technique” by using a wide osteo-
tome. For the Le Fort I, no significant neurovascular compli-
cations were recorded, and early hospital discharge was 
achieved for both mono- and multi-segmental osteotomies, 
effectively down fracturing the maxilla and allowing adequate 
visualization of the anatomy during surgery. No additional 
surgical operating time was required in comparison to con-
ventional SARPE and Le Fort I approaches to successfully 
treat two large series of patients. During the Le Fort I osteot-
omy, piezoelectric surgery was also used to remove bone 
interferences from the posterior palatine neurovascular bun-
dle. In order to perform a mandibular midline osteotomy, a 
vertical labial incision was described by Nadjmi et al. [54] as 
an interesting approach, avoiding an extended horizontal inci-
sion through the mentalis muscles. The short vertical midline 
incision in the lower lip frenulum was considered sufficient to 
provide an adequate access to the symphyseal region.

Nevertheless, it is important to keep in mind that using a 
small incision does not necessarily mean that the surgical 
procedure will be less traumatic, since it still needs to be big 
enough to allow an adequate and safe access to the region of 
interest. In this regard, besides a conservative incision, 
appropriate surgical instruments as well as correct handling 
of the surgical wound and surrounding soft tissues also have 
an essential role, being even more important than the size of 
the incision itself. In summary, the incision should be “as 
small as possible, but big enough” to avoid excessive traction 
on the soft tissues and to allow a safe osteotomy and accurate 
stable rigid internal fixation. Otherwise, what is supposed to 
be an “advantage” can easily become a “drawback” by 
increasing the procedure’s difficulty and causing even a big-
ger trauma than the conventional orthognathic approaches.

Although small incisions, minimal dissection, and deglov-
ing are the keystones of MI surgical techniques, the use of 
endoscopes, piezoelectric instruments, and intraoperative nav-
igation have proven to be important tools toward MI surgery in 
various surgical specialties [3, 21]. Nevertheless, there is also 
still controversy in the literature regarding the longer duration, 
complexity, and steep learning curve of implementing some of 
these techniques into the daily clinical routine [3].

Evidence-based literature supports that the endoscopic 
approach can have an important role in MI surgeries since it 
facilitates the use of smaller incisions, reduced subperiosteal 
degloving, and provides additional magnified visualization 
[2]. Endoscopic approaches and its advantages were 
described for the main orthognathic surgical techniques, in 
sagittal split osteotomies (SSO), intraoral vertical ramus 
osteotomies (IVRO), and in the treatment of condylar hyper-
plasia or idiopathic condylar resorption [55]. Toward the 
IVRO, for example, it gives the surgeon the possibility to 
better visualize the lingula (Spix spine) to properly control 
the vertical osteotomy from the sigmoid notch to the inferior 
mandibular border. Also, the distal and proximal segments 
and potential bony interferences in between can be better 
visualized [56]. Toward Le Fort I osteotomies, the use of 
endoscopic instruments allowed a safe separation of the pter-
ygomaxillary suture through smaller incisions, [57] also 
being useful as a visual guidance in SARPE procedures. 
Mommaerts et al. [48] published an innovative endoscopic-
assisted endonasal Le-Fort I corticotomy procedure toward 
Transpalatal Distraction (TPD).

Regarding the operating time spent, however, there is still 
no consensus since some authors have found an increased 
surgical time [46] while others found no significant reduc-
tion in overall operating time [48] in comparison to conven-
tional surgical approaches. All authors, however, described a 
significant reduction in postoperative edema and recovery 
time [3]. Therefore, it has been recommended that prior to 
clinical application, inexperienced surgeons start endoscopic 
handling and training on human or animal cadavers to ensure 
an adequate level of expertise [49, 51].

Ultrasonic or piezoelectric devices are other useful tools 
with proven efficacy toward bone cutting with soft tissue 
preservation, higher precision and control, and the capacity 
to provide a clean operating field due to its cavitation effect 
and its micromovement system [58, 59]. With the growing 
interest in MI orthognathic surgical techniques, the piezo-
electric osteotome has been used as an excellent alternative 
to perform more conservative osteotomies in Le Fort I, [60] 
SARPE, [61] and mandibular surgical approaches [62]. The 
surgical operating time, blood loss level, neurosensory com-
plications, and postoperative pain have been assessed as the 
main factors to determine how efficient and beneficial piezo-
surgery can be in orthognathic surgery. Similarly to the 
endoscope, there is no consensus regarding the effect on sur-
gical operating time using piezoelectric instruments. While 
some studies report no difference, [63–65] other authors 
defend both the increase [66–70] and decrease [71] of over-
all operating time. In addition, blood loss was considered to 
be significantly less in five comparative studies when piezo-
surgery was used, [63, 64, 66, 70, 72] in contrast to another 
study [65] that found no difference when comparing the 

Keep in Mind
The incision must be “as small as possible, but big 
enough” in order:

1. To provide an adequate and safe access.
2. To avoid potential lacerations by excessive traction 

on the soft tissues.

1 Background and Introduction to Minimally Invasive (MI) Orthognathic Surgery
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a

b c

Fig. 3.3 The MI soft tissue approach to the chin (Step 1) and position-
ing of the MI orthognathic instruments (L1® MI Orthognathics, KLS 
Martin, Tuttlingen, Germany) are shown on a synthetic skull (a) and 
graphic illustrations (L1® MI Orthognathics, KLS Martin, Tuttlingen, 

Germany; modified by FOA) (b, c). Note the high mucosal curved inci-
sion in the lower lip (b) and the submucosal sharp dissection of the 
vestibular flap (c). Clinical pictures made by ©Valérie Swennen 
Boehlen. All rights reserved

Step 2—MI Access toward the Bony Chin

On request of the “Operating Surgeon”, “Assistant 1”, and 
“Assistant 2” remove all MI instruments from the patient’s 
mouth. The “Operating Surgeon” now supports the chin 
from below with his left hand (Fig. 3.5a–c) and keeps it in 
the horizontal plane while incising the deep soft tissue layers 

through the mentalis muscles and the periosteum until the 
bone using the same #15 scalpel. The deep-layer incision is 
performed approximately 5 mm below the mucosal incision, 
in order to create a good muscle bulk for appropriate double-
layer closure of the wound (Fig. 3.5c). The length of the deep 
incision is slightly shorter than the superficial mucosal inci-
sion, approximately 15 mm, and centered on the midline.

3 Minimally Invasive (MI) Chin Osteotomy
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a

b c

Fig. 3.5 The MI access toward the bony chin (Step 2) is shown on a 
synthetic skull (a) and on graphic illustrations (L1® MI Orthognathics, 
KLS Martin, Tuttlingen, Germany; modified by FOA) (b, c). Note that 
all MI instruments have been removed, so that the right-handed 

“Operating Surgeon” can support the chin and hold the lower lip with 
his left hand in order to perform the deep-layer incision through the 
mentalis muscles and periosteum with his right hand. Clinical picture 
made by ©Valérie Swennen-Boehlen. All rights reserved

After reaching the inferior border, the “Operating 
Surgeon” turns the MI1 raspatorium approximately 45 
degrees to the right side (Fig. 3.7a) to create a subperiosteal 
pocket around the chin border in order to position a chin 
retractor (Ch1). Note that at this time no other MI instrument 
is in the patient’s mouth.

The “Operating Nurse”, who is perfectly aware of the 
“MI Chin operating sequence” due to the dedicated “MI 
Chin surgical sequence template bars” (Sect. “General 
Considerations regarding the “MI Chin Osteotomy” Surgical 
Procedure”), now automatically gives the right-handed 
“Operating Surgeon” the Ch1 retractor correctly in his right 

3 Minimally Invasive (MI) Chin Osteotomy
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1. Organization of the surgical instrumentation table by the 
“Operating Nurse” (Sect. ““MI Le Fort I Osteotomy” 
Instruments and “MI Le Fort I Osteotomy” Surgery 
Instrumentation Table Organization”)

2. Preparation of the patient in the operating room by the 
“Operating Surgeon”, “Assistant 1”, and “Assistant 2” 
(Sect. “Patient and Operating Room Preparation Toward 
the “MI Le Fort I Osteotomy” Surgical Procedure”)

“MI Le Fort I Osteotomy” Instruments and “MI 
Le Fort I Osteotomy” Surgical Instrumentation 
Table Organization

In order to improve the efficiency of the overall surgical team 
during an “MI Le Fort I Osteotomy”, “MI Le Fort I surgical 

sequence template bars” were developed to indicate in a sys-
tematic order the required MI coded instruments (L1® MI 
Orthognathics, KLS Martin, Tuttlingen, Germany) [3] 
(Chap. 2).

The “Operating Nurse” places the six dedicated “MI Le 
Fort I surgical sequence template bars” on top of the surgical 
instrumentation table (Fig. 4.1) which allows a fast, easy, and 
standardized organization of the relevant MI orthognathic 
instruments not only at the initiation but also during the 
entire surgical procedure. Moreover, the “Operating Nurse” 
is able to follow and knows at any moment which “MI Le 
Fort I” orthognathic instrument is needed by the “Operating 
Surgeon”, “Assistant 1”, and “Assistant 2” to smoothly per-
form the “MI Le Fort I Osteotomy”.

The “Surgical Codes” and “Surgical Sequence” toward 
the “MI Le Fort I Osteotomy” are mentioned in Table 4.1.

Fig. 4.1 MI orthognathic instruments used to perform the “MI Le Fort I Osteotomy” systematically organized on the surgery instrumentation 
table by the “Operating Nurse” (graphic illustration from L1® MI Orthognathics, KLS Martin, Tuttlingen, Germany)

G. R.J. Swennen et al.
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a b

c d

Fig. 4.26 Remodelling of the nasal floor, nasal septum, removal of 
potential premature bone contacts (Step 9) and positioning of the MI 
orthognathic instruments (L1® MI Orthognathics, KLS Martin, 
Tuttlingen, Germany) are shown on a human cadaver (Department of 
Anatomy and Embryology, University of Maastricht, the Netherlands) 

(a, b) and graphic illustrations (L1® MI Orthognathics, KLS Martin, 
Tuttlingen, Germany) (c, d). Note that the HK2 hook may be placed on 
the upper dental orthodontic wire but preferably on the maxillary bone 
in order not to detach the upper braces. Clinical pictures made by 
©Valérie Swennen-Boehlen. All rights reserved

Subsequently, if indicated, reduction of the cartilaginous 
nasal septum can be performed. After incision with a #15 
scalpel, the surrounding nasal mucosa is degloved by the 
“Operating Surgeon” using the small part of the double-
sided sharp MI1 raspatorium, and the lower part of the sep-
tum is reduced with the Mx5 septum scissors.

Tip
The Anterior Nasal Spine (ANS), being one of the nasal 
tip supporting mechanisms can be remained untouched, 
reduced, completely removed or reshaped depending on 
the intended clinical effect of the MI Le Fort I on the nose.

4 Minimally Invasive (MI) Le Fort I Osteotomy
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a b

c d

Fig. 5.3 The MI soft tissue approach to the sagittal split osteotomy 
(SSO) of the mandible (Step 1) and positioning of the MI orthognathic 
instruments (L1® MI Orthognathics, KLS Martin, Tuttlingen, 
Germany) are shown on graphic illustrations (L1® MI Orthognathics, 
KLS Martin, Tuttlingen, Germany) (a, b) and a synthetic skull (c, d). 

Note the change of the #15 scalpel which is orientated 90 degrees to the 
bone once it reaches the distal side of the second molar toward the 
mesial side of the first molar. Note that “MI Chin“ (Chap. 3) and “MI 
Le Fort I” (Chap. 4) osteotomies were already performed. Clinical pic-
tures made by ©Valérie Swennen-Boehlen. All rights reserved

5 Minimally Invasive (MI) Sagittal Split Osteotomy
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a b

c d

Fig. 5.10 The MI buccal corticotomy of the right horizontal mandibu-
lar ramus (Step 3) and positioning of the MI orthognathic instruments 
(L1® MI Orthognathics, KLS Martin, Tuttlingen, Germany) are shown 
on graphic illustrations (L1® MI Orthognathics, KLS Martin, 
Tuttlingen, Germany) (a–c) and on a human cadaver (Department of 

Anatomy and Embryology, University of Maastricht, the Netherlands) 
(d). Note the angulation of the Lindemann burr (a, b) and buccal corti-
cotomy (c, d). Note that according to surgeon’s preferences, a recipro-
cating saw can also be used. Clinical picture made by ©Valérie 
Swennen-Boehlen. All rights reserved

G. R.J. Swennen et al.
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a b

c d

Fig. 6.17 Marking the skeletal maxillary midline toward the upper 
dental midline (Step 7) and positioning of the MI orthognathic instru-
ments (L1® MI Orthognathics, KLS Martin, Tuttlingen, Germany) are 
shown on a human cadaver (Department of Anatomy and Embryology, 
University of Maastricht, the Netherlands) (a, c), a synthetic skull (b) 

and a graphic illustration (L1® MI Orthognathics, KLS Martin, 
Tuttlingen, Germany) (d). Note that the small part of the sharp double-
sided MI1 raspatorium is used to identify the anterior vertical intermax-
illary midline suture without the use of a burr or a piezo device. Clinical 
pictures made by ©Valérie Swennen-Boehlen. All rights reserved

riorly and continued posteriorly as a green-stick fracture, fol-
lowed by its mobilization.

While “Assistants 1 and 2” continue to gently retract the 
soft tissues with the small RT3 soft tissue retractors placed 
on the bone in the small wound, the “Operating Surgeon” 
places his left middle finger intra-orally at the anterior region 
of the hard palate. He then inserts with his right hand the thin 
straight OS4 osteotome with a 45-degree angle into the pre-

viously deepened anterior vertical intermaxillary suture at 
the dentoalveolar ridge in between the two upper central 
incisors (Fig. 6.18a–d). On the instructions of the “Operating 
Surgeon”, “Assistant 2” now performs single taps on the thin 
straight OS4 osteotome using the metal part of the BI-TAP 
mallet with his right hand, while “Assistant 1” performs fine 
aspiration. After a few taps, when the dentoalveolar bone is 
fully osteotomized and separation between the upper central 

6 Minimally Invasive (MI) Maxillary Expansion
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a b

c d

Fig. 8.5 Didactic illustrations on a phantom model (L1® MI 
Orthognathics, KLS Martin, Tuttlingen, Germany) show wax bite regis-
tration (bite registration sheet wax, Almore International, Hickory, 

USA) in centric relation (CR) (a, b) and additional trimming of the wax 
bite to avoid distortion of lip posture and morphology (c, d). Pictures 
made by ©Valérie Swennen-Boehlen. All rights reserved.

Y. Weinberg et al.
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a b

Fig. 8.12 Didactic illustrations on a synthetic skull show topical appli-
cation of chlorhexidine gel: (a) at the abutment plates of a bone-borne 
maxillary expansion apparatus (L1® MI Orthognathics, KLS Martin, 
Tuttlingen, Germany) and (b) in between the lower incisors after insta-

lation of a bone-borne mandibular expansion apparatus (L1® MI 
Orthognathics, KLS Martin, Tuttlingen, Germany). Pictures made by 
©Valérie Swennen-Boehlen. All rights reserved

Prior to extubating the patient by the “Anesthesiologist”, 
inter-arch guiding elastics are placed to guide the patient’s 
final and new occlusion (Fig. 8.13) for the first week until the 
patient is seen after 1 one week by the “Operating Surgeon” 
for follow-up (Sect. “Patient Follow-Up”). The inter-arch 
guiding elastics are typically placed laterally along the peri-
operative jaw movements with an additional elastic in the 
frontal region to avoid immediate postoperative tongue inter-
position (Fig. 8.13a).

After applying inter-arch guiding elastics, orthodontic 
wax is placed on the orthodontic braces from canine to 
canine at the lower (Fig. 8.13c) and/or upper dental arch in 
case of a “MI Chin Osteotomy” or “MI Le Fort I Osteotomy”, 
respectively, in order to protect the mucosa and to enhance 
postoperative comfort.

Consecutively, the patient’s face is cleaned with saline 
(NaCl) solution, dried and after application of an ether solu-
tion at the nasolabial and labiomental regions, suture strips 
are placed to properly define the new nasolabial angle and/or 
plica labio-mentalis, to prevent dead space and to apply post-
operative compression for one week after surgery. In case of 
a “MI Le Fort I Osteotomy”, small 5 mm suture strips are 
applied at the level of the subnasale landmark to define the 
nasolabial angle (Fig. 8.14).

In case of a “MI Chin Osteotomy”, small 5 mm suture 
strips are applied to define the new plica labio-mentalis 
(Fig. 8.15a) or large 10 mm suture strips (Fig. 8.15c) to 
stretch it in regard to the patient’s individualized treatment 
plan. Subsequently, an overlying chin compression bandage 
is applied using large 10 mm suture strips (Fig. 8.15b, d).

Finally, a steroid ointment (Elocom ® 0.1%, NV Schering-
Plough Labo, Heist-op-den-Berg, Belgium) is applied on 
both lips to reduce postoperative swelling (Fig. 8.16a).

Pain, Nausea, and Vomiting Management

In addition to the measures described in this chapter to 
reduce pain after MI orthognathic surgery such as MI surgi-
cal techniques, local anesthesia prior to surgery (Sect. 

Tip
Inter-arch guiding elastics are placed prior to extubat-
ing of the patient to guide the final new occlusion. In 
case of an Anterior Open Bite (AOB) deformity, the 
front elastic is placed on additional skeletal anchorage 
in the alveolar region of the upper and lower dental 
midlines.

Y. Weinberg et al.
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