Innovation in Biomechanical Orthognathic Surgery
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Craniofacial surgery is proposed and performed for a variety of reasons, ranging from congenital or acquired
malformations to emotional disorders and parafunctions of the masticatory, respiratory, auditory, and visual systems.
Surgery of the mandible and its orthostatic repositioning is the most common of these corrections of craniofacial
anomalies. Throughout the history of these procedures, various techniques have been proposed and perfected, but
always with a high rate of minor and major complications. The recurrence rate of mandibular malposition is high, as is the
temporary loss of facial sensitivity and motor skills. These outcomes are often related to the choice of surgical technique
rather than the skill of the surgeon, which is considered to be one of the most important factors in the final outcome.
Surgical techniques involving direct manipulation of the vascular-nervous bundles, such as bilateral sagittal split
osteotomy, clearly present the possibility of major or minor complications.
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| 1. Introduction

The aim of orthognathic surgery is to reposition the maxilla, mandible, and chin, and commonly performed procedures
include LeFort | osteotomy and bilateral sagittal split osteotomy (BSSO) with or without osseous genioplasty. The recent
history of mandibular orthognathic surgery began with Hullihen in 1846 &, who performed a mandibular body osteotomy
to correct prognathism in a case of mandibular elongation and distortion of the face and neck, caused by a burn,
successfully treated [, He was a general surgeon with dental training, like other examples of general surgeons of the time
who reported on maxillofacial surgery: von Langenbeck, Cheever, Billroth, and Dufourmentel. At the beginning of the 20th
century, Blair performed a horizontal ramus osteotomy B! which was described and published by Blair and Angle, who
were the first to propose a classification of mandibular deformities, stating: “An almost ideal occlusion would rarely be
accompanied by the best facial result”, which is still valid today (Figure 1).
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Figure 1. Pioneers of mandible surgery: (a) the first operation (Hullihen’s procedure) for the correction of malocclusion
carried out in 1849; and (b) osteotomy of the mandibular body performed by Blair in 1897.

Berger in 1897 introduced condylar osteotomy to correct prognathism, which was practiced in France until 1950, when
Dufourmentel and Mouly in 1959 described good results with this technique. Babcock in 1909 and, a few years later,
Bruhn and Lindemann in 1921 described a horizontal osteotomy just between the sigmoid notch and the mandibular
foramen 141,

This operative technique was modified a few years later by Kostecka in 1931, who described his technique as a “blind
procedure” in which the osteotomy was made with a Gigli saw through a stab incision. Limberg and Wassmund performed
further modifications of external approaches to ramus osteotomies in the 1920s and 1930s with a high recurrence rate &,

Perthes in 1922, following Schlossmann’s suggestion, tried a type of sagittal splitting of the ramus using an extraoral
approach with an oblique transverse osteotomy. Kazanjian suggested a horizontal oblique osteotomy in 1951. In 1942,
Schuchardt described the first intra-oral approach for mandibular ramus osteotomy 48l |n 1954, Caldwell and Letterman
described a vertical ramus osteotomy technique in an attempt to preserve the inferior alveolar neurovascular bundle 8],



In 1957, Trauner and Obwegeser described what became the current bilateral sagittal split osteotomy or BSSO transoral
approach [, Improvements and modifications to this surgical procedure have always been aimed at reducing relapse,
improving healing, and reducing complications. Contributions have been made by Dal Pont in 1961, Hunsuck in 1968, and
Epker in 1977. Dal Pont 1911 modified the inferior horizontal incision to a vertical osteotomy in the buccal cortex between
the first and second molars, which allowed larger contact surfaces and required minimal muscle displacement.

Hunsuck 22 modified the technique with a shorter medial horizontal cut, just posterior to the lingual, to minimize soft
tissue dissection. His anterior vertical incision was similar to that of Dal Pont (Figure 2) L1, Epker (1977) proposed
several improvements and refinements to the intrabuccal technique 3], including less removal of the masseter muscle
with limited medial dissection to reduce postoperative edema from hemorrhage and manipulation of the neurovascular
bundle. Spiessel introduced rigid internal fixation in 1976 in an attempt to restore function early and reduce relapse 24,
The introduction of rigid internal fixation, rather than 5-6 weeks of intermaxillary fixation, had the objective benefit of

improving patient comfort [Z15[16]
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Figure 2. Development of modern jaw surgery for facial discrepancies.

In 1948, maxillofacial surgery was almost non-existent in most dental schools and universities around the world. In the few
places where specialists were available, it was a series of unsatisfactory procedures, mainly to correct mandibular
advancement or prognathism @, These included the Blair and Kostecka procedures (Figure 1b and Figure 3).
Throughout history, other authors have contributed to the improvement of facial surgery and mandibular osteotomy RA[L8],
Oswaldo de Castro L8Il19 developed a modification of Smith's technique (Figure 3) with an L-shaped osteotomy under
the sigmoid notch and condylar neck, in a neurovascular safety zone, described by Hensel, for mandibular osteotomy.
This procedure allows dorsal displacement of the mandible and bone apposition without the need to wire the fragments
(Figure 4).
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Figure 3. Smith’s technique in 1956: (a) a guide (in black) corresponding to the bone quadrangle to be removed with a
line corresponding to the osteotomy under the condylar neck; and (b) using metal wire for osteosynthesis.
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Figure 4. Castro’s in 1964 surgery: (a) inverted “L" osteotomy; and (b) dorsal sliding of the mandible and bone apposition
without the need to wire the fragments.

The mandible is fixed with interdental wires for eight weeks with a pre-auricular incision approach. Gino Emilio Lasco, a
pioneering oral and maxillofacial surgeon in Sao Paulo, Brazil, who developed various techniques and modifications of
surgical techniques, such as surgery to correct benign hypertrophy of the masseter muscle, and surgery for free
repositioning of the meniscus in temporomandibular disorders, and Oswaldo de Castro’s modified orthognathic surgery
with the possibility of a submandibular extra-buccal approach L2[201121]122]123][24][25] 5re also described here with the latest
modifications and improvements, with a 20-year follow-up describing what Lasco’s surgical team, coordinated by the first
author, has been doing since 1999.

Most of the techniques described here, with the exception of the modification proposed by Castro and Lasco 22, have
tried to maintain the option of intra-oral surgery, making modifications to the sagittal split of the mandible, innovating with
the expectation of reducing vasculo-nervous lesions, bleeding, recurrences, enhancing comfort and efficiency for the
surgeon, and improving patient acceptance of the proposed treatment. Today, it is very clear that there is no single
effective technique for all cases of facial discrepancies 15128, Therefore, there is an opportunity to develop an innovative,
simplified technique that is faster to perform, preserves anatomical structures, and uses the musculoskeletal system to
promote healing, repair, and remodeling, prevent relapse, and provide stability for anatomical positioning of the
mandibular joint.

In 1969, Obwegeser 28] repositioned the mandible and maxilla simultaneously with a sagittal ramus splitting and a
LeFort | osteotomy, making orthognathic surgery a separate subspecialty, leaving the cranio-orbital region to be defined
by Paul Tessier. In 1967, Tessier introduced the transcranial and subcranial LeFort Il procedures to correct cranial and
orbital deformities 2. Hans Luhr (1968) then published his work on internal plate and screw fixation [28l29][3031]
attempting to limit the need for prolonged intermaxillary fixation and increase stability with less reliance on complex
interlocking joints and bone grafts. What could be achieved with a rotary burr was also improved using instruments with
thin saw blades, allowing more-refined osteotomies . The use of combined maxillo-mandibular orthognathic surgery, as
well as other facial procedures to correct craniofacial deformities, has been a great improvement for patients.

The complications of these procedures cannot be ignored, and therefore the preservation of life and the correct indication
of cases in which this type of surgery will really produce the expected result and be in accordance with the patient’s
expectations is a priority [B2[33I34135] Many cases fall between the line of surgical necessity and clinical management
alone, and it is up to the surgeon to decide what is best for each individual patient. In the more than 60 years of
experience of Professor Lasco’s team B8IEZB8IEA  satisfactory long-term results were obtained with isolated mandibular
surgery without the need for Le Fort | maxillary surgery, which was limited to extreme maxillary discrepancies, and
segmental and partial osteotomies were routinely performed. There were no aesthetic complaints from patients regarding
the final result and the indelible submandibular scar created by the incision along the facial lines (Figure 5).
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Figure 5. Follow-up after 20 years of orthognathic surgery: (a) incision performed extra-orally via the submandibular
region; (b) it is almost impossible to identify the indelible scar.

The treatment of malocclusions associated with minor skeletal discrepancies is possible via orthodontic compensation of
the dentition, with the risk of unsatisfactory facial aesthetics. Borderline cases should be carefully assessed before
deciding on orthodontic treatment alone or in combination with orthognathic surgery. The treatment plan should be
discussed with the patient, explaining the advantages and disadvantages of each approach in accordance with the
patient’s attitude and preferences.

| 2. Innovation in Biomechanical Orthognathic Surgery

The occlusion planned preoperatively and adjusted by prior orthodontic treatment proved to be satisfactory intra-
operatively and in the immediate and late postoperative periods. Small occlusal adjustments were made with carbon
paper to analyze premature tooth contacts, which were removed with spherical diamond burs until final occlusal stability
was achieved during the first weeks after surgery. The orthodontic brace was maintained for six months after surgery, at
which time an acrylic retaining plate was placed in the maxilla and a lingual bonded retainer was fitted, which remains in
place to this day at the discretion of the orthodontist. The patient showed no sensory or motor changes throughout the
postoperative period.

There have been no respiratory or apnea problems in the last 20 years, with a great improvement in phonetics and
adaptation of the tongue to the reduced space after surgery. The patient reported sporadic pain and clicking in her
temporomandibular joint and weekly headaches prior to surgery. A clinical diagnosis of temporomandibular joint
dysfunction (TMD) was made preoperatively and was associated with an anterior crossbite as an aggravating factor.
Immediately after functional surgery and during more than twenty years of follow-up, the patient has not experienced any
of the previously reported symptoms, in this case describing oral rehabilitation, including orthognathic surgery, as a
surgical treatment for TMD. The aesthetic result desired by the patient was achieved without major changes to the natural
facial biomechanics due to the characteristics of the surgical technique.

The modification proposed by Professor Lasco, which have been adopted, eliminates the risk of damaging the marginal
mandibular nerve through the submandibular approach. In five other patients, not included in this study group, treated
during the same period, the pre-auricular approach and surgery without prior orthodontic treatment was chosen because
of their individual anatomical characteristics, using exactly the same surgical technique as mandibular osteotomy, and
three of them showed marginal mandibular nerve injury for a maximum of 21 days. It is clear that not using the extra-oral
approach because of fear of scarring is more related to the surgeon’s personal experience with the technique. In all 64
osteotomies performed, there were no recurrences, no malocclusions that could not be corrected with occlusal
adjustments, no significant neurovascular lesions, and no significant scarring.

By using the modified submandibular technique, the masseter muscle is incised at its origin and therefore there are no
complications with its displacement, including the careful detachment of the entire mandibular periosteum, which improves
bone repair and healing. Caution should be exercised in extra-oral indications in patients with a history and signs of scar
hypertrophy. The average operative time for the proposed surgical technique is 72 min.
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