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ABSTRACT

A patient with juvenile chronic arthritis presented with a malocclusion characterized by mandibular hypoplasia, symphysial
deficiency, and an increased mandibular occlusal plane angle. Correction of the mandibular defect required both the
horizontal advancement of the mandible and a counterclockwise rotation of the proximal segment to reduce the mandibular
occlusal plane angle. This was achieved by a combination of distraction osteogenesis to horizontally advance the mandible
(14 mm), followed by manipulation of the postdistraction regenerate to reduce the mandibular occlusal plane and increase the
symphysial projection. The counterclockwise rotation of the mandibular body resulted in the creation of a posterior open bite.
After a three-month period to allow consolidation of the mandibular distraction osteogenesis, secondary maxillary surgery at
the Le Fort 1 level was performed to reestablish maxillary occlusal contact at the new mandibular occlusal plane. A
genioplasty was also performed to improve chin projection.
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When juvenile chronic arthritis (JCA) involves the condylar cartilage, it can adversely affect the growth and development of the
mandible.2=Z The earlier the onset and the greater the severity of the pathology, the more abnormal the subsequent mandibular
development.2:8 A decrease in muscle of mastication activity also has been suggested as a contributor to the mandibular form.1:4

Skeletally, this manifests as a reduction in both ramus height and corpus body length.Z The mandible develops a posterior growth
rotation, an increase in mandibular plane angle, and lower facial height and antigonial notching.22-Z This growth pattern produces a Class Il
division 1 malocclusion characterized by a hypoplastic and retrusive mandible with an anterior open-bite tendency.2:4=8 The maxilla is often
horizontally well placed even in the presence of severe disruption of mandibular growth.Z Vertically, however, there tends to be a lack of
posterior maxillary development secondary to the reduced ramus height. Clinically, this manifests as a steep occlusal plane that can
adversely affect dental esthetics and mandibular function.2:2:8 Dentally, the lower incisors generally overerupt and procline in compensation
for the underlying Class Il skeletal pattern.2:3:2.7




When the resultant malocclusion is severe, a combination of orthodontics and orthognathic surgery is required to attain both an
acceptable occlusion and an improvement in facial esthetics. Bimaxillary surgery is necessary if the occlusal plane angle has to be
reduced. One of the limitations to achieving these goals is the ability to sufficiently advance as well as to rotate the mandibular body in a
counterclockwise direction in the presence of associated soft tissue hypoplasia, a feature common in these patients.

Distraction osteogenesis can increase bone volume by gradual traction of a fracture callus formed between osteotomized bony
segments.2=LL The application of this technique to the treatment of a severe dentofacial deformity that is characterized by significant hard
and soft tissue deficiency has become an established technique in craniofacial surgery over the last decade. It is particularly useful for
treating cases of severe bony hypoplasia where the surgical movement required to correct the malocclusion is outside the range
predictably achievable with routine orthognathic surgery techniques.2=11

One of the criticisms of distraction osteogenesis, however, is that accurate positioning of the proximal segment can be difficult to
achieve either because of an inaccurate displacement vector or because of an unpredictable soft tissue influence on the immature
regenerate.12:13 |t has been shown in an animal model*# and in clinical case reports that postdistraction regenerate can be molded by
external forces.22=L7 |t also has been suggested that a more accurate positioning of a proximal segment could be achieved by
manipulating the distraction regenerate. 2218

In this case history, we report the successful combination of distraction to horizontally advance a severely hypoplastic mandible in a
patient with JCA, followed by manipulation of the regenerate to achieve accurate positioning of the mandibular body. A maxillary osteotomy
was subsequently performed to reestablish maxillary occlusal contact at the new mandibular occlusal plane.
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An 18-year-old Caucasian female patient was referred to the Cranio Maxillo Facial unit of Princess Margaret Hospital for assessment of
occlusion in 1998. There was a medical history of JCA. At the time of presentation, the disease process was inactive. The patient
expressed a concern about facial esthetics particularly in relation to a lack of chin prominence.

Clinical examination revealed facial features consistent with JCA involvement in the temporomandibular joints with a divergent facial
profile, a hypoplastic mandible with associated soft tissue deficiency and a deficient chin (Figure 1 ‘@=). Intraoral examination revealed an
overjet of six mm and a reduced overbite (Figure 1 ©@=). The upper and lower incisors were crowded and proclined. The molar relationship
was one-fourth unit Class Il on both sides. The upper first and lower second permanent premolars had previously been extracted as part of
a previous unsuccessful course of fixed appliance orthodontic intervention before referral.

Radiographic investigation revealed a severe skeletal Class |l pattern due to mandibular hypoplasia (Table 1 ©@=). Ramus height and
corpus length were reduced, and the mandibular symphysis was deficient (Figure 2 ©=). The mandibular plane angle (SN-Mand 64°) was
increased, and antigonial notching was evident. The occlusal plane was increased (SN-OP 34°). The maxilla was retrusive (SNA 74°),
however, the upper lip was clinically well balanced (Figure 1 ©=). The lower incisors were proclined in compensation for the retrusive
mandible (Mand-1 96°). The morphology of the temporomandibular joints was examined by a computerized tomography (CT) investigation,
which revealed the absence of a glenoid fossa and a flattening of the articular eminence. The condyles translated over the eminence on
opening. There was a history of pain and discomfort over the masseter muscles. Maximum opening was 32 mm.

Treatment plan

Because the patient's principal complaint was related to her facial esthetics, treatment options were directed to address the underlying
mandibular deficiency. The severity of the skeletal Class Il pattern meant that jaw surgery was required to achieve these goals. Because of
the previous history of lower second bicuspid extraction, the option of mandibular extractions for maximum incisor retraction before
mandibular advancement alone was not available. Counterclockwise rotation of the mandibular body was required to reduce the occlusal
plane angle and increase the symphysial projection. Secondary maxillary surgery was required to reestablish occlusal contact to the new
occlusal plane and eliminate the posterior open bite produced by the counterclockwise rotation of the mandibular body.

The aims of treatment were to:
. improve the esthetics of the lower face;
. reduce the overjet and maintain a positive overbite;
. reduce the steep occlusal plane;
. increase the chin prominence.

The following treatment was planned to achieve these goals.



1. Bilateral distraction osteogenesis of the mandible to increase the corpus body length;

2. On completion of distraction, anterior intermaxillary elastic traction to mold the distraction regenerate to produce a counterclockwise
rotation of the proximal mandibular segment to reduce the occlusal plane angle and increase the symphysial projection. An inclined
maxillary splint was to be placed to control movement. The splint would also be necessary to support the mandible during the
consolidation phase because of the creation of a posterior open hite after rotation of the mandibular body;

3. After a three-month period to allow consolidation of the distraction regenerate, a Le Fort | maxillary osteotomy would be performed to
reestablish maxillary occlusal contact to the new mandibular occlusal plane;

4. A genioplasty would be carried out to increase symphysial projection.
Treatment progress

Fixed appliances (0.022 x 0.028 inch preadjusted edgewise) were placed in November 1999 to align the dentition, level the occlusal
plane, and coordinate the archform in preparation for surgery. A bilateral osteotomy was performed at the angle of mandible and at the level
of the ascending ramus via an intraoral approach. An intraoral distractor (RK 20 mm Medicon Instrumente, Tuttlingen, Germany) was
placed spanning the osteotomy cuts. The distractor device was orientated to produce an oblique displacement of the mandibular body.
After a period of three days, distraction was started by activating the distractor mechanism one turn twice per day (0.8 mm). Distraction
was continued until the maximum activation of the appliance had been achieved. This produced a 14 mm increase in horizontal mandibular
projection at B point (Table 1 ©=). A Class Il incisal relationship was produced, and a positive overbite was maintained during this period

(Figure 3 ©=).

Once activation was stopped, the screws holding the distractor were removed from the proximal segment under general anesthesia. A
maxillary splint was attached using eyelet wires. On insertion, the splint contacted the mandibular second molars sloping up toward the
maxillary incisors. Full-time intermaxillary elastic traction (one-fourth inch 6 0z) was applied between the maxillary and mandibular anterior
teeth to produce a counterclockwise rotation of the body of the mandible by molding the uncalcified distraction regenerate (Figure 4 ©=).
Elastic traction was stopped once the mandibular teeth occluded into the maxillary splint.

On removal of the fixed splint, a posterior open bite had been produced by the counterclockwise rotation of the mandibular body (Figure
5 @=). An upper removable appliance that contacted all the mandibular teeth was inserted to support the mandible while the regenerate
calcified. A Le Fort maxillary osteotomy was carried out in August 2000 to reestablish occlusal contact between the maxillary and
mandibular dentition (Figure 6 ©F). A genioplasty was also performed to increase chin prominence, and the mandibular distractor was
removed. Postsurgical orthodontics was carried out to finalize the occlusion (Figure 7 ©=). Appliances were removed in June 2001, and a
maxillary Hawley and mandibular Dohner retainer was inserted to maintain dental alignment. After treatment, maximum opening remained
at 32 mm. There was no pain or discomfort from the temporomandibular joint (TMJ) or related musculature.
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The skeletal deformity produced by the JCA had resulted in a hypoplastic mandible characterized by a short ramus, a reduced
mandibular body length, and a deficient symphysis. The mandibular occlusal plane was increased. These features were characteristic of
her medical condition.1= Although the overjet was only six mm, lower incisal dentoalveolar compensation was masking a severe
mandibular retrusion (ANB 12°).

Distraction osteogenesis was chosen as the method for surgical correction of the mandibular defect because of its ability to predictably

lengthen bone, where there is both significant hard and soft tissue hypoplasia.2=%

Because of the requirement to both lengthen the mandible and reduce the mandibular occlusal plane angle, it was necessary for the
distraction process to produce a horizontal and rotational movement of the mandibular body. The horizontal component of mandibular
movement was achieved using an internal distractor, which lengthened the mandible 14 mm as measured by horizontal change in B point
(Figure 6 ©=). This illustrates the ability of distraction osteogenesis to produce significant bony displacement even in the presence of bony

and soft tissue hypoplasia (Figure 7 ©=) 16.18

The distractors were placed obliquely to maximize the forward displacement of the mandibular body while reducing the tendency to bite
opening, which would have occurred if they had been placed with a horizontal orientation.1 It was interesting to note that despite the
distractor having an activation of 20 mm, the mandible was only displaced 14 mm at B point (Table 1 ©=). This was due to the
displacement vector having a vertical as well as a horizontal component. Also, there may have been a degree of flexing between the bony
segments across the osteotomy site during distractionthat could have produced a posterior displacement of the ramus as well as anterior
movement of the mandibular body. The lack of a normal temporomandibular anatomy may have also contributed to a potential lack of distal
segment stability. The difference between the actual surgical displacement relative to the range of activation of a distractor device can
influence the facial change attained. In view of this, it would be advantageous to use a distractor that can be activated further than the



planned surgical move so that extra bony movement is possible if clinically required.

The history of premolar extractions before referral to Princess Margaret hospital prevented presurgical orthodontic decompensation and
thus limited the amount of mandibular body advancement achievable at surgery. The ideal presurgical extraction pattern would have been
the removal of the upper second and lower first bicuspids. The latter would have created space for both the relief of crowding and the
uprighting of the lower incisors before surgery. This would have enabled a greater surgical advancement of the mandible than that attained
in this clinical history.

The reduction in the mandibular occlusal plane and the increase in symphysial projection was achieved by the controlled manipulation of
the postdistraction regenerate. An angled maxillary occlusal splint was placed to act as an occlusal guide so as to direct the amount of
mandibular body rotation during manipulation (Figure 5 ©@=). The mandibular occlusal plane was reduced from 34° to 23° (Figure 6 ©@=). This
change supports animal experimentationi4 and clinical case histories12=218 that have demonstrated the ability to manipulate the immediate
postdistraction regenerate by the application of external force.

The alternative use of an external multidirectional distractor would have allowed the application of both horizontal and vertical mandibular
displacement vectors, but there are two potentially significant problems with this approach. First, extraoral distractors are fixated by pins
that penetrate the skin. This can produce unsightly external scarring during the distraction process that can detract from the esthetics of
the treatment result. Second, compared with routine orthognathic surgery, one of the criticisms of distraction osteogenesis is that unless
the distractor is accurately placed, incorrect displacement vectors will produce a less than satisfactory occlusal end result.22:16 This is
especially likely to arise when dealing with a patient who has a severe dentofacial deformity because there is often reduced surgical
access, abnormal hard tissue form, and significant hard tissue hypoplasia. Also, such a distractor may not be able to produce the
rotational movements required.

The horizontal mandibular advancement and the rotational change in the mandible were stable one year after surgery (Table 1 ©=).
Gradual stretching of hypoplastic soft tissue during distraction has been suggested to be important in such postoperative stability.28 Also,
the location of the mandibular osteotomy at the angle of the mandible avoided any increase in ramus height and therefore prevented
stretching of the pterygomasseteric sling and would have contributed to postsurgical stability.22 As the body of the mandible rotated, the
projection of the mandibular symphysis increased. Despite this, the severity of the symphysial deficiency necessitated a genioplasty to
further increase the chin prominence and to improve chin projection. Pogonion was advanced 23 mm by this combination. At one year, B
point was stable, but pogonion had moved distally two mm suggesting localized remodeling (Table 1 T=).

The reduction in the mandibular occlusal plane made maxillary surgery necessary to reestablish occlusal contact. Although the
cephalometric value of SNA was reduced, the upper lip was well balanced (Figure 1 @=). It was therefore decided to maintain the relative
horizontal position of the maxilla limiting surgical change to a counterclockwise rotation of the maxilla. As this occurred, the maxillary
incisors proclined and reestablished a positive overijet.

This case history illustrates the ability to carry out controlled multivectoral change using distraction osteogenesis. The ability to
manipulate the immediate postdistraction mandibular regenerate provides the clinician a method of controlling the final position of a
distracted mandibular body and, in this case, was an alternative to the use of an external multivectoral distractor.
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TABLE 1. Lateral cephalometric measurements

T1+ T2 T3
SMNA 74 74 75
SNB 63 72 T3
AMB 1 2 2
Maxillary plane (SN-MxP) 13 9 2]
Occlusal plane (SN-OP) 34 23 22
Mandibular plane (SN Mand) 64 60 61
YA — 0 1
YB — 14 15
Y Pg —_— 23 21
Upper incisor to SN 100 107 110
Lower incisor to mandibular plane 96 83 &1

“T1 indicates before surgery; T2, Post Le Fort 1 surgery; T3, 1 yr
after surgery; YA, Horizontal change in A point from T1; YB, Hori-
zontal change in B point from T1; % Pg, Horizontal change in po-
gonion from T1.
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FIGURE 1. (a) Pretreatment frontal facial view. (b) Pretreatment lateral facial view. (c) Pretreatment anterior intraoral view. (d)
Pretreatment right lateral intraoral view. (e) Pretreatment left lateral intraoral view
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FIGURE 2. (a) Pretreatment lateral cephalometric radiograph. Note retrusive mandible with antigonial notching. (b) Pretreatment
orthopantomogram. Note hypoplastic ramus condyle region
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FIGURE 3. (a) Lateral cephalometric radiograph at the end of distraction. (b) Progress orthopantomogram. Note developing regenerate in
distraction region
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FIGURE 4. (a) Intraoral view of splint and elastic traction. Note progressive reduction in height of splint from molar to incisal region. (b)
Progress lateral cephalometric radiograph after anticlockwise rotation of mandibular body
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FIGURE 5. View of posterior open bite after splint removal
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FIGURE 6. (a) Posttreatment lateral cephalometric radiograph. (b) Posttreatment OPG. Note development of new bone in distraction
area. (c) Superimposition of pretreatment (solid line) and posttreatment (broken line) lateral cephalometric tracing on SN at Sella. (d)
Superimposition of pretreatment (solid line) and posttreatment (broken line) mandibular tracing on SN at Sella
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FIGURE 7. (a) Posttreatment anterior intraoral view. (b) Posttreatment right lateral intraoral view. (c) Posttreatment left intraoral view. (d)
Posttreatment anterior facial view. (e) Posttreatment lateral facial view
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