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tient's expectations to finalize the treatment goals and
predistraction, intradistraction, and postdistraction
treatment objectives.

Several more specific distraction-related decisions
must be made during treatment planning including os-
teotomy design and location, selection of a distraction
device, determination of the distraction vector, duration
of the latency period, rate and rhythm of distraction,
and duration of the consolidation period.28 The distrac-
tion osteogenesis team members work together to de-
velop the treatment plan.

Distraction osteogenesis is a technique of gradual incre-
mental hone lengthening that results in both an increase
in hone length and volume as weIl as the surrounding
soft tissues.1-16 Since the first clinical introduction in
1992by McCarthy,17 distraction osteogenesis hag under-
gone widespread recognition by an increasing number
of clinicians.18-25 ßased on the knowledge and experi-
ence gained during this period, the quality of the results
hag improved significantly.

The orthodontist, as a member of the multidiscipli-
narr team involved in the distraction osteogenesis
process, participates in all stages of treatment. His or her
role is critical to several temporal phases including treat-
ment planning, predistraction orthodontic preparation,
orthodonticjorthopedic therapy during distraction and
consolidation, and postconsolidation orthodonticjor-
thopedic management.26.27

This chapter intro duces the orthodontic considera-
tions during craniofacial osteodistraction and outlines
the details of orthodontic management and supervision
during different stages of treatment with distraction
osteogenesis.

TREATMENT PLANNING

Treatment planning für patients undergoing distrac-
tion osteogenesis rollst consider all issues related to
surgical correction, as weIl as the potential für future
skeletal growth and development, the need für over-
correction, and possible future operations. The treat-
ment planning process begins with a thorough clinical
examination to reveal all structural abnormalities and
functional deviations that require correction. Accurate
orthodontic/surgical records rollst be obtained; these
may include lateral and posteroanterior cephalometric
radiographs, computed tomography with three-
dimensional reconstruction, photographs, and models
(registration and mounting as necessary). This infor-
mation is coupled with an understanding of the pa-

Distraction Device Selection

Craniofacial distraction devices have beeil developed
für both external and internal applications.9,29 The indi-
cations für, and therefore the capabilities of, these de-
vices differ (see Charter 1). Device selection is based on
mechanical capabilities and patient acceptance.
External Distraction Devices. External distraction de-
vices are placed using transcutaneous pins.6,S,17,20,30,31 The
extern al devices, particularly the multidirectional de-
vi ces, otter excellent control of hone segment move-
ment, and are usually available in longer lengths. They
are milch easier to place and maintain, and are simpler
to replace during distraction if necessary, or to remove
at the completion of lengthening. Disadvantages in-
clude skin scarring and rOOf acceptance by patients.
However, placing the ring with minimal soft tissue ten-
sion andjor within the sub mandibular fold can mini-
mize skin scarring.
Internal Distraction Devices. Internal distraction de-
vices are placed either submucosally (buried) or extra-
mucosally (intraoral).32-42 They may be tooth-borne,
hone-borne, or hybrid. Internal devices neither produce
facial scarring nor have the negative psychosocial im-
pact of the external devices. It should be noted, how-
ever, that a small external incision is sometimes neces-
sary für activation arm access, wh ich, if planned
carefully, may be positioned aesthetically.
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Direction of Distraction. For a simple linear advance-
ment, a unidirectional distraction device is suitable.
However, if lengthening of the jaw is planned in two or
more directions, a multidirectional device is required.
The multidirectional distraction device possesses mech-
anisms that may be adjusted in three dimensions to al-
ter the direction that the distal (tooth-bearing) segment
moves through space.43-47

Unfortunately, the internal devices also have disad-
vantages. They are more difficult to place, especially when
avertical orientation is required, such as in the case of a
hypoplastic TamilS. The higher risk of injury to nerves and
other anatomic structures (e.g., ducts, tooth buds) rollSt
also be considered. A second surgical procedure is orten
necessary to remove the devices following completion of
consolidation. Another dis advantage is the lack of the
majority of available internal distraction devices with
multidirectional adjustment capability. New bidirec-
tional and multidirectional devices are being developed,
rod as these new devices are refined, internal distraction
applications will almost certainly increase.43

Several important factors rollSt be considered during
the selection of either an external or internal distraction
device. These factors indude the amount of desired length-
ening and/ or angular correction, the vector of distraction,
rod the psychosocial requirements of the patient.9.29
Lengiliening Capabilities. In order to complete the de-
sired amount and angulation of distraction, the appro-
priate length of distraction device rollst be selected. Al-
though the magnitude of lengthening is registered on
the distraction device, it does not always correlate to the
clinically observed amount of actual hone distraction,
which is usually less than anticipated and difficult to
predict prior to distraction. The amount ofbone distrac-
tion dinically observed during lengthening is a result of
linear device activation altered by the effect of extrinsic
and intrinsic biomechanical factors, which will be dis-
cussed later in this chapter. The ratio between the
amount of device activation and the observed amount
ofbone distraction varies, but reaches as high as 2:1 in
same cases.44 When angular correction is incorporated
into linear activation, the total amount oflinear distrac-
tion decreases even more, further increasing the length
requirement of the distraction device.

Distraction Vector Planning

The distraction vector defines the desired direction that
the distal segment must move during lengthening. Oe-
spite precise planning, the actual distal segment move-
ment is still difficult to predict and is affected by various
forces. Although controversy exists regarding the vari-
ables that affect the distraction vector, identification of
the factors during treatment planning allows the clini-
clan to compensate für, avoid, or eliminate undesirable
reactive forces. Factors that affect the vector of distrac-
tion indude osteotomy design and location, distraction
device orientation, masticatory muscle influence, oc-
dusal interferences, distraction device adjustrnent, and
orthodonticallyjorthopedically applied forces.
Oistraction Office Orientation. AlthoUgh osteotomy
design and location may affect the musde tension exerted
on the proximal and distal segments,48 distraction device
orientation is the primary factor that influences the vector
of distraction. In order to minimize adverse biomechani-
cal effects, devices should be placed parallel to the desired
vector of distraction. ßased on the orientation of the dis-
traction vector, the distraction device can be placed verti-
cally, horizontally, orobliquely (Fig. 15-1).26.27.49-52

Orientation of the distraction device parallel to the
"vertical" lang axis of the ra mus orten results in an
oblique distraction vector as it relates to the occlusal

~

~~

/' """/' /'

\,.

.,,--~ (
~-~}~../ \

'ff.R~~

.,

MP

HORIZONTALVERTICAL OBLIQUE

Fig. 15-1 Orientation of the distraction device. Op, Occlusal plane; Mp, inferior border of
the mandible or mandibular plane; PBR, posterior border of the ramus; DDO, distraction de-
vice orientation.
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plane, since the TamilS is not actually oriented perpen-
dicular to the ocdusal plane. If vertical elongation of the
TamilS and posterior ocdusal bite opening is desired, it
can more predictably be achieved by placing the distrac-
tion device perpendicular to the occlusal plane rather
than parallel to the long axis of the mandibular TamilS.

If anteroposterior advancement of the mandibular
corpus is desired, placement of the distraction device
parallel to the occlusal plane is recommended. When
the distraction device is placed parallel to the long axis
of the mandibular corpus, a divergence of the ocdusion
mayoccur, often resulting in a skeletal anterior openbite
during lengthening.

Oblique distraction device orientation produces si-
multaneous vertical and horizontal movements of the
distal segment. When an oblique device orientation is
chosen, anteroposterior positional changes occur along
with hyperdivergence of the mandible, resulting in
dockwise rotation and anterior bite opening. In patients
with a deep bite, this may be advantageous. In most
cases, however, dockwise mandibular rotation results in
an undesirable anterior openbite (Fig. 15-2).52 The
oblique orientation of the distraction device may be
changed to either more vertical or more horizontal, de-

pending on whether the ramus or mandibular body re-
quires more lengthening, respectively.
Influence of Masticatory Muscles. The second factor
that affects distal segment movement during distraction
is the force generated by the masticatory musculature
(Fig. 15-3). Patients undergoing distraction develop
functional compensations für their gradually changing
ocdusions. In order to aid in masticatory function, these
patients may posture their mandibles anteriorly or later-
ally to pick up occlusal contacts lost during distraction.
These atypical and sometimes extreme functional posi-
tional changes represent a recurrent episodic force that
may likely influence the vector of distraction. In addi-
tion, soft tissue traction due to physiologic musde activ-
ity exerted on this segment mayaiso contribute to distal
segment directional instability.

The orthodontist rollst recognize forces exerted by the
masticatory musculature and compensate für them with
orthodonticjorthopedic measures. The surgeon andjor
orthodontist mayaiso alter this untoward distal segment
movement by making adjustments in sequence and
amount of activation of the multidirectional device.
Ocdusal Interferences. Ocdusal interferences mayaiso
alter the planned distraction vector.26,27 With well-
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Fig. 15-2 A patient with an obliquely placed distraction device. A, Pretreatment lateral
cephalometric radiograph. B, Posterior ocdusal interferences during linear activation of the
distraction device resulted in an anterior openbite. C, Lateral cephalometric radiograph after
introduction of vertical elastics. D I Lateral cephalometric radiograph after dosure of the ante-
rior openbite.
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proximal and distal segments, potentially resulting in
premature consolidation.44

In the transverse plane, angular activation is affected
by the resistance of the temporomandibular joints pos-
teriorly and mandibular symphysis anteriorlr4 It
should be noted thai both the proximal and distal seg-
ments are affected by transverse angulation activation.
Moreover, the proximal (condylar) segment is smaller in
many cases than the distal segment, is less resistant to
the reactive forces, and therefore is more dramatically
affected by transverse activation. This may affect the tem-
poromandibular joint anatomy as weIl as result in chin
point deviation (Fig. 15-4). Transverse adjustrnent must
be made with caution, always monitoring segment
movement and temporomandibular joint function.
Orthodontic/Orthopedic Forces. Orthodontic/ortho-
pedic forces may be instituted during the active distrac-
tion phase and/or during the consolidation phase to af-
fect the distraction vector and final morphology of the
neomandible. Intermaxillary elastics, headgear, func-
tional appliances, and/or distraction stabilization appli-
ances may deliver these forces!6

planned and executed predistraction orthodontic prepa-
ration, ocdusal interferences may effectively be recog-
nized and eliminated in many instances.

Posterior ocdusal interferences present on a patient
undergoing mandibular corpus lengthening may cause
dockwise rotation of the mandible, resulting inan ante-
rior openbite (see Fig. 15-2). When these interferences
are identified prior to initiation oflengthening, they may
be addressed before distraction by stepping posterior
teeth off of the ocdusal plane, at least temporarily. If oc-
dusal interferences are not identified prior to beginning
distraction, a developing openbite can still be addressed
during distraction with the utilization of biteplane or
biteblock appliances, orthodontic adjustment, andjor
ocdusal equilibration.

Forward movement of the mandible may be restricted
as a result of anterior ocdusal interferences caused by
the position of the maxillary anterior teeth. Advancing,
prodining, or intruding the maxillary anterior teeth,
when appropriate, may eliminate these interferences. A
biteplane or biteblock mayaIso be utilized to eliminate
anterior interferences.
Distraction Device Activation. Depending on the di-
mensional capability of the device, its activation can be
performed linearly andjor angularly in the sagittal
andjor transverse planes.43-47 Angular device activation
in the sagittal plane produces rotation of the distal seg-
ment around the axis located in the center of the hinge.
Angular rotation of the distal segment occurs in har-
mony with rotation of the entire mandible around the
axis located at the mandibular c~ndyle, thereby Clearing
the ability to open or dose the bite anteriorly. Angular
activation reduces the anteroposterior length of the
mandible and must therefore be accompanied by addi-
tional linear distraction in order to maintain the
mandibular advancement achieved. Importantly, at least
10 mm oflinear advancement must precede any angular
activation to avoid undesirable approximation of the

Future Growth and Overcorrection

Although the structural and functional result achieved
with distraction is definitive für skeletally mature pa-
tients, it may only be a temporary treatment objective
für growing patients. Therefore skeletal age and future
growth potential must be considered in these individu-
als. Although the endpoint result of treatment may not
be ideal relative to the current state of skeletal develop-
meßt, it should be ideal based on the predicted final
skeletal dimensions. If future growth is expected to be
deficient, overcorrection may be performed to eliminate
or decrease the total number of surgical procedures. The
degree of overcorrection, however, should provide
the patient with a socially acceptable appearance für the

Fig. 15-3 Diagrams demonstrating vector orientation of the forces generated by the medial
pterygoid (MP), lateral pterygoid (LP), masseter (M), temporalis (T), and suprahyoid (SH)
muscles. (From Grayson BH, Santiago PE: In Stucki-McCormick SU, editor: Atlas ofthe Oral and
Maxillofacial Surgerv Clinics of North America, vol? PhiladeltJhia, 1999. WB Saunders.)
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Fig. 15-4 Facial photographs demonstrating chin point correction. A, Pretreatment. B, Post-
distraction and soft tissue augmentation. Note the overcorrection of chin point past the mid-
sagittal plane. C, One year postdistraction; P, Two year postdistraction. Note overcorrection
of the chin point is still evident.

the dimensional difference. Standards such as the Bolton
Standard of Dentofacial Developmental Growth53 or the
Cephalometric Standards from the University of Michigan
School Growth Studf4 may be used foT this purpose. Mul-
tiple factors must be considered to determine the
amount of correction or overcorrection. In the asymmet-
ric patient, the affected side may be compared with the
unaffected side, as weil as with normative data. Growth
on the affected side may be expressed as a percentage of
growth on the unaffected side. Rate of growth foT the un-
affected mandible may be estimated at approximately
1.8 mm per year.55 This provides a prediction foT the

most years possible, with the understanding that addi-
tional treatment may be required. Although undercor-
rection requiring numerous future procedures is inap-
propriate, extreme overcorrection to the point of creating
craniofacial disharrnony may have a negative psychoso-
cial impact and should also be avoided. A balance be-
tween these two extremes is essential to accomplish final
treatment objectives.

The amount of distraction required is based on a very
careful assessment of the mandible followed by compar-
ison with growth standards or norrns adjusted für face,
sex, andfacial skeleton maturity with a calculation of
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Fig. 15-5 Lateral facial photographs demonstrating reappearance of mandibular deficiency
after distraction. A, At the end of distraction. Note overcorrection in anticipation of continu-
aus growth deficiency and to improve the airway tor decannulation. Also note that scarring
was flom previous surgery, not flom the present distraction therapy. B, Six months after treat-
ment. C, Twelve months after treatment. D, Thirty months after treatment. Note an increase in
facial convexity as the patient's growth pattern resurfaces.

vals in a standardized fashion should be implemented.
Growth prediction should also consider the patient' s ge-
netic predilection.s6-s8 The existing growth pattern may
be maintained, and the discrepancy may resurface again
with time (Fig. 15-5).A1ternatively, morphologic and
volumetric improvements of the condyle induced by dis-
traction osteogenesis may be maintained lang-term with
continued growth of the condyles.s9-62

amount of remaining growth that the unaffected and af-
fected sides may express by the end of skeletal maturity.

Serial growth studies of a specific individual are also
beneficial für growth analysis and prediction. A docu-
mented history of past growth and symmetry is also of
benefit in predicting future growth. Since these patients
are often followed and treated over the course of their
childhood, a protocol für record taking at routine inter-
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placed buccal and lingual ball hooks. This provides mul-
tiple sites to place interarch elastics für control of
mandibular position during distraction, consolidation,
and postconsolidation. Oistraction stabilization appli-
ances are placed prior to distraction as pan of the pre-
distraction onhodontic phase; however, they are utilized
during the distraction, consolidation, and postconsoli-
dation phases.

ORTHODONTIC MANAGEMENT DURING
DISTRAGION AND CONSOLIDATION

PRESURGICAL ORTHODONTIC PREP ARA TION

After the completion of comprehensive treatment plan-
ning, predistraction orthodonticjorthopedic prepara-
tion is commenced. As with other forms of orthognathic
couection, well-executed presurgical orthodontics will
optimize the final functional and aesthetic result. This
begins with a careful evaluation of the dentition and its
relation to the projected skeletal changes. Orthodontic
appliances are then selected and treatment initiated con-
sistent with the overall treatment goals of the distraction
treatment planning objectives. The teeth should be
moved to near-ideal positions relative to basal hone so
that an ideal maxillomandibular relationship is not
compromised by existing dental malpositions.

Dental malrelationships rollst be eliminated in order
to prevent mechanical interference with the movement
of the distal tooth-bearing segment during gradual dis-
traction. For example, maxillary incisors that are retro-
dined or extruded would interfere with forward move-
ment ofthe distal segment as mandibular incisors come
forward and begin to contact the lingual of the maxillary
incisors. If these interferences are not orthodontically
eliminated, they may be overcome utilizing biteplane or
biteblock appliances. The utilization of these appliances
may be anticipated in the predistraction phase or may
be added to the treatment as interferences arise. The
maxillomandibular transverse relationship rollst also be
evaluated preoperatively. The patient with severe retro-
gnathia may have a transverse maxillary deficiency that
will become evident on evaluation of the pretreatment
orthodontic records.63-65 It is appropriate to expand the
maxilla either prior to or quring distraction to accom-
modate the width of the advancing mandible. Tooth po-
sitions and maxillary width should enhance distraction,
not inhibit it.

Another component of predistraction orthodontic
treatment is the fabrication and utilization of distrac-
tion stabilization appliances.64 These interarch appli-
ances are routinely inserted prior to surgery to facilitate
vector control during distraction, in order to maintain
medio lateral dental interarch relationships such that lat-
eral shifting of the distal segment is not allowed to occur
during the active phase of osteodistraction. By maintain-
ing the transverse relationship of the maxillary and
mandibular dentition, the distal segment cannot be dis-
placed laterally; hence all the length that is introduced
by distraction is maintained in avertical andjor anterior
direction. These appliances may be utilized für patient
populations that do not require any specific tooth move-
ment prior to distraction, are not in full orthodontic
bands and brackets, are very young, have limited com-
pliance, or have limited teeth. The appliances consist of
a banded maxillary expansion appliance65 and a bilat-
eral double-banded mandibular lingual holding arch.
All eight bands on these appliances have symmetrically

After completion of presurgical orthodontics, the surgi-
cal procedure is performed and the latency period is ob-
served, followed by the distraction period.3,6,17,66 Active
orthodontics/orthopedics may continue throughout the
distraction and/or consolidation phases, including the
utilization of bands, brackets, distraction stabilization
appliances, elastics, headgear, acrylic guidance appli-
ances, maxillary expansion appliances, or functional ap-
pliances. These appliances are used to direct the distal
mandibular segment toward its planned postdistraction
position, thereby improving the final treatment result.

OuTing predistraction planning, the orthodontist
evaluates and determines the desired vector of distrac-
tion based on the skeletal assessment.17,67 However, the
clinically observed vector often varies from its planned
direction due to the influence of the previously men-
tioned factors induding osteotomy location, device ori-
entation, neuromuscular influences, occlusal interfer-
ences, device activation, and orthodontic/orthopedic
intervention.

The alterations in distal segment direction and posi-
tion that are affected by the orthodontist likely occur by
taking advantage of the increased metabolic response
that the body mounts after a surgical insult, or by what
appealS to be manipulation of the regenerate. The effi-
ciency with which we can affect large distal segment po-
sitional changes via orthodontic and orthopedic force
application certainly points to the capabilities of these
factors. Because this time frame is limited, and because
large-scale distal segment alteration is possible, close
monitoring is required during this phase of treatment.
Weekly or twice weekly visits are required to adjust the
orthodontic/orthopedic forces that are being delivered.
OuTing the active distraction and consolidation periods,
dental position, mandibular position, and maxillo-
mandibular relationships may be rapidly altered.

There is a direct relationship between the degree of
vertical placement of the distraction device and the ob-
served vertical versus anterior distal segment movement
that is seen dinically. Hanson and Melugin68 evaluated
54 distraction device orientations; illere were 37 oblique
and 17 vertical. Oblique placement was defined as
greater than 90 degrees of angulation between the oc-~
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date. Although this magnitude of control would be de-
sirable, the following should be considered. Accepted
principles of fracture healing require immobilization
during the consolidation period to allow für complete
hone healing and to prevent fibrous union. In addition,
skeletal relapse hag beeil reported in distraction patients
who have bad a shortened consolidation period. In the
absence of data supporting this approilch, its use should
be cautioned.

Interarch elastic traction hag beeil demonstrated to
direct the distal segment and influence the vector of dis-
traction in the vertical, anteroposterior, and transverse
directions. Class 11 and Class 111 vector correction via in-
terarch elastic traction is possible,26 and is important für
the control of anterior distal segment movement in ex-
cess of what is desired (as the result of excessively
oblique device placement).

The most important use of elastic traction during the
active distraction phase is to controllaterognathism,64
as discussed in the presurgical orthodontic section. Lat-
erognathism is a frequently experienced phenomenon
in unilateral correction of the asymmetric patient by os-
teodistraction6,S4,SS,70-73 (e.g., hemifacial microsomia,
craniofacial microsomia, and asyrnmetry secondary to
trauma). In the unilateral patient, a canted maxillary and
mandibular occlusal plane is present. Oistraction osteo-
genesis is utilized to correct the mandibular occlusal
cant69 and normalize the verticallength of the affected
ramus.66,73 This establishes fight to left vertical symmetry
of the mandible as measured at the gonial angles and
mandibular borders. It also results in a unilateral poste-
rior openbite as the corrected mandibular plane diverges
from the noncorrected (canted) maxillary occlusal
plane. As the magnitude of unilateral openbite increases,
the patient's inability to find suitable masticatory sur-
faces also increases. This results in functional shilling of
the mandible toward the unaffected side. This is mani-
fested by a dental midline shirt away from the distracted
side, a posterior buccal crossbit~ on the distracted side,
and a crossbite on the unaffectedside (Fig. 15-6). This
laterognathism, if left unmanaged, would inhibit the

clusal plane and the long ans of the distraction device.
Vertical placement was defined as less than 90 degrees of
angulation between the occlusal plane and the long axis
of the distraction device. All 3? patients with oblique
device placement showed an anterior movement of the
distal segment as measured at the level of the occlusion,
with an averagevalue of2.5 mm (range 1.5 to 6.0 mm).
All1? patients with vertical device orientation had zero
or negligible anterior distal segment movement as mea-
sured at the occlusion.

Multidirectional distraction devices have the capabil-
ity of allowing distraction vector alteration during dis-
traction if distal segment position is not ideal. Further-
more, they allow differential vertical, horizontal, and
transverse vector components to be added or deleted as
distraction progress may dictate. These vector changes
are sometimes part of the original preoperative distrac-
tion plan, or may be introduced during distraction by
the orthodontist or surgeon to redirect the distal seg-
ment away flom its observed path and toward its
planned path. At this time the orthodontist may apply
external forces to control the position of the distal seg-
ment. This consists of angular, transverse, or linear acti-
vation of the distraction device and orthodontic/
orthopedic manipulation of the distal segment.

It should be noted that the distraction device is a
semirigid fIXator that connects both the proximal and
distal segments of the mandible to each other. This al-
lows the orthodontist or surgeon to change the direction
the distal segment is moving during distraction; how-
ever, proximal segment position may be altered as weIl.
Unfavorable positional changes of the condyle/ramus
(proximal) segment may occur and should be controlled
if necessary.

An alternative approach to segment position manip-
ulation hag been suggested by Hoffmeister and co-
workers.69 Their technique involves the rem oval of the
distraction device( s) before the regenerate is consoli-
dated and is therefore somewhat malleable. The regen-
erate is then manipulated with orthodontic forces to the
desired end-treatment position and then left to consoli-

BA

Fig. 15-6 Patient with left-sided vertical maxillomandibular deficiency. A, Intraoral photo-
graph demonstrating laterognathism and undesirable right-sided openbite thai developed dur-
ing distraction. B, The patient's ocdusion during the consolidation phase, resulting from left-
sided vertical distraction, midline and transverse elastic wear, and orthodontic tooth movement.
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BA

Fig. 15-7 Diagrams demonstrating the elastic and distraction force vectors during laterog-
nathism couection using distraction stabilization appliances introduced by Dr. P.R. Hanson.
A, Distraction force vectors during laterognathism development. B, Elastic and distraction
force vectors during laterognathism couection. (Courtesy Dr. B.H. Grayson.)
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Fig. 15-8 Intraoral photographs demonstrating laterognathism correction with interarch
elastic wear. A, Pretreatment occlusion. B, Skeletal and dental changes as a result of left-sided
venical distraction. C, Occlusion at 7 weeks postdistraction resulting from interarch elastic
traction and onhodontic tooth movement.

vertical movement of the distal segment that is neces-
sary to correct the vertical ramus length discrepancy, and
would prevent the desired unilateral openbite. The or-
thopedic forces that are required to correct laterog-
nathism work against the vector of distraction, however
(Fig. 15-7). Therefore the forces of distraction must be
greater than the forces of manipulation or the distrac-
tion goals may not be realized. The use of this opposing
elastic ttaction may require a greater magnitude of dis-
traction force to accomplish the distraction goal.

Hanson and Melugin 74 evaluated 22 patients who were

undergoingunilateral mandibular distraction and devel-
oped laterognathism as defined above. All ofthe patients
began to develop laterognathism as the magnitude of pos-
tenor openbite increased. The point at which laterog-
nathism appeared ranged from 5 to 8 mm of posterior ver-
tical bite opening. Six patients did not receive orthodontic
intervention. For this group, the laterognathism increased
until the end of distraction and persisted through consoli-
dation. The remaining 16 patients underwent an active
regimen of orthodonticj orthopedic control via the distrac-
tion stabilization appliances, coupled with interarch elas-
tic wear and in same instances, maxillary expansion. All of

these patients regained their midline mandibular position
with development of the desired posterior vertical open-
bite.74 Skeletal and soft tissue evaluation showed the at-
tainment of the planned overcorrection of the mandibular
vertical ramus symmetry with overcorrection of pogonion
past the midsagittal plane.

Discrepancies in maxillary and mandibular transverse
dental relations may be caused by abnormalities in arch
width or skeletal position. lnterarch elastics may be used
to address these issues. Elastics may be wom crossarch,
crossbite, and/or midline oblique (Fig. 15-8) to correct
the transverse width of the dental arch, symmetry, or
dental midlines (Fig. 15-9).

Elastic traction may be used to dose a planned or un-
planned openbite. lt is not unusual für an anterior open-
bite to develop when performing bilateral distraction für
sagittal advancement of the mandibular body. Clockwise
rotation of the tooth-bearing segment during active dis-
traction may be achieved through a combination of angu-
lar adjustments to the distraction device along with ante-
rior vertical elastic traction. Under these circumstances,
the openbite will dose through a combination of counter-
dockwise skeletal rotation and dentoalveolar extrusion.
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Fig. 15-9 Intraoral photographs demonstrating correction of transverse width of the dental
arch, symmetry, and dental midlines. A, Pretreatment. B, After initial distraction. Note incom-
plete correction of asymmetry, laterognathism, and the occlusal plane with no orthodontic
management. C, After secondary distraction with orthodontic management. Note correction
of asymmetry, laterognathism, and occlusal plane.

POSTCONSOLIDATION ORTHODONTIC
THERAPY

After completion of consolidation, the distraction de-
vice is removed and the tooth-bearing segment of the
mandible derives its support from the new bolle that was
generated across the distraction gap. Postdistraction or-
thodonticsjorthopedics are instituted to accomplish the
original treatment goals and objectives. The orthodontic
requirements at that time vary depending on patient age
and whether mandibular distraction was unilateral or
bilateral.

In the growing bilateral distraction patient, an ante-
rior crossbite may be a temporary treatment objective in
anticipation of a future mandibular growth deficiency
(see Fig. 15-5). Additional treatment objectives would
indude guidance of eruption and alignment of the den-
tition over alveolar bolle. Orthodontic treatment für
growing children mayaiso take into consideration fu-
ture orthognathic surgery or distraction.

Although orthodontic finishing is usually completed
at this time in nongrowing bilateral distraction patients,
same of these patients may be scheduled für a subse-
quent orthognathic surgical procedure after completing
mandibular distraction. In this case, these patients
would undergo surgical orthodontic preparation at this
time and orthodontic finishing after completion of the
orthognathic procedure.

In unilateral distraction patients, the postdistrac-
tion orthodontic therapy will most likely involve oc-
dusal plane management, correction of the dental
midlines, and correction of the maxillomandibular
transverse disharmony. Some of these issues may have
been addressed during active distraction and consoli-
dation. In most cases, however, unilateral mandibular
distraction requires extensive orthodontic support af-
ter consolidation. Therapy includes eruption guidance,
alignment of the dentition over alveolar bolle, correc-
tion oflaterognathism (if not previously addressed),

and controlled vertical closure of the unilateral poste-
rior openbite.

Closing the posterior openbite is achieved by selec-
tive eruption of the maxillary posterior dentition and
alveolar process. The mandibular occlusal plane must
be maintained in the corrected position that was
achieved through mandibular distraction. Failure to do
so may result in less than 100% correction of the ocdusal
cant. This occurs as both the maxillary and mandibular
posterior dental segments undergo supereruption. De-
velopment of a maxillary and mandibular ocdusal cant
at this time constitutes dental compensation für the cor-
rected mandibular skeletal anatomy. A surgical correc-
tion of the compensated occlusal plane at this stage
would alter the symmetric mandibular skeleton. Bimax-
illary osteotomies, which would be required to correct
the occlusal asymmetry, would alter the position of the
inferior border, reintroducing mandibular asymmetry.
Carefully controlled dosure of the openbite contributes
to the stability of the surgically corrected mandibular
position and may reduce the need für future treatment.

Methods of occlusal plane management include (1)
an ocdusal acrylic wafer that is reduced Olle tooth at a
time to allow serial eruption of the maxillary posterior
dentition, (2) a functional appliance with lingual
shields (to provide lateral control of mandibular posi-
tion) and a biteplane (adjusting Olle tooth at a time für
passive eruption ofthe maxillaryteeth), and (3) occlusal
acrylic buildups that are reduced Olle tooth at a time to
allow für serial eruption of the maxillary teeth. The ad-
dition of elastic traction to these appliances hag been
shown to significantly decrease the treatment time für
the correction ofthe maxillary ocdusal plane.75 In addi-
tion, the elastic traction improves appliance retention,
resulting in improved patient compliance.

Leveling of the maxillary occlusal plane may be ac-
complished with the use of interarch elastics utilized in
combination with rapid palatal expansion, which hag
been shown to induce bony changes at all of the maxil-
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lary sutures.65 Three of our craniofacial microsomia pa-
tients underwent ocdusal plane correction during active
distraction and consolidation phases of vertical ramus
lengthening. In these patients, distraction-induced uni-
lateralopenbites of 7 mm or less were created by dis-
tracting 20 mm or less (as measured on the distraction
device). The canted mandibular ocdusal plane was cor-
rected by lengthening the affected ramus with distrac-
tion. Correction of the maxillary ocdusal plane was com-
pleted with elastic traction on the expanded palate. The
affected side was not utilized für anchorage ofinterarch
elastics. Crossarch/interarch elastics were worn from the
buctal of the affected maxilla to the buccal of the unaf-
fected mandible.64,76 Predistraction and postconsolida-
tion frontal cephalometric radiographs were compared
and correction of the maxillarv ocdusal cant was noted.

CONCLUSION

The orthodontist plays a primary Tale in the planning
and execution of treatment during distraction osteogen-
esis. The plan must be based on good pretreatment
records and an appreciation of the functional and
anatomic needs of the patient. Active orthodontic treat-
ment is used beraTe, during, and after distraction. The
types of orthodontic treatment that are used with dis-
traction range flom standard orthodontic treatment
modalities to orthopedic manipulations of distraction
vector orientation, both of which are designed to ad-
dress the unique malocclusion resulting flom distrac-
tion and the changing position of the distal segment dur-
ing distraction. These modalities are possible because of
the unique dynamic process of distraction. Because the
treatment goals are jointly developed by the orthodon-
tist and surgeon, dose follow-up by both dinicians dur-
ing distraction is required. Variations flom the planned
disti-action path must be promptly recognized and cor-
rected so that the planned clinical outcome is achieved.
If planned carefully and executed skillfully, distraction
osteogenesis may provide length and volume to facial
structures in a manneT that is less morbid and probably
more stahle than alternative craniofacial procedures.
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