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Biomechanical considerations in distraction of the osteotomized

dentomaxillary complex

Joong-Gyu Ahn, DDS, PhD, 2 Alvaro A. Figueroa, DDS, MS, ? Stanley Braun, DDS, MME, ¢ and

John W. Polley, MD ¢
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The completely osteotomized dentomaxillary complex is essentially a free body constrained only by its soft
tissue attachments. Therefore the line of action and point of application of any protractive force(s) used
during distraction osteogenesis must be considered relative to its center of mass. This is in contrast to the
nonsurgically separated dentomaxillary complex, which is a constrained body, and therefore the application
of protractive force(s) must be considered relative to its center of resistance. These two centers are not
coincident. With knowledge of the location of the center of mass, predictable protraction of the dentomaxillary
complex can be achieved. In this study, the center of mass of an adult maxillary specimen osteotomized to
emulate a Le Fort | osteotomy was determined. Protractive force(s) through the center of mass will produce
linear advancement along its line of action. Protractive movement of the dentomaxillary complex can be
adjusted downward and forward or upward and forward by locating the protractive force(s) line of action
superior or inferior to the center of mass. A cleft patient is described wherein the surgically separated
dentomaxillary complex is protracted downward and forward with a force vector superior to its approximate
center of mass. This results in a predictable increase in overbite and overjet with negligible mandibular
rotation. (Am J Orthod Dentofacial Orthop 1999;116:264-70)

Distraction osteogenesis has become an
important treatment modality for patients with cranio-
facial skeletal dysplasias. Distraction devices for the
craniofacial bones can be external or internal. In 1973
Snyder et direported the use of an external bone dis-
traction device for gradual lengthening of the lower jaw
in dogs. Various devices for mandibular and maxillary
distraction osteogenesis have been used in hufrfans.
In the nonsurgical correction of skeletal Class Il mal-
occlusions via face mask and elastic traction to the
maxilla, anterior rotation is commonly observed with a
concomitant mandibular backward rotatiot? Rota-
tion of the maxilla is determined by the point of appli-
cation and line of action of the distraction force(s) rel-
ative to its center of resistante!®

In cleft patients considerable advancement of the
dentomaxillary complex is often required because of its
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hypoplastic development. Distraction, after a complete
Le Fort | osteotomy, has been found effective in treat-
ing these patien8%In a Le Fort | osteotomy, the max-
illa is freed of all bony attachments, though it is still
supported by the soft tissues: the palatal and vestibular
mucosa, lips, and cheeks. It is therefore important to
recognize that after a complete Le Fort | osteotomy, the
dentomaxillary complex is no longer a constrained
skeletal structure, and therefore the location of its cen-
ter of resistanc®2lis not applicable in forecasting
protractive movement. Rather, the dentomaxillary
complex has been altered to a relatively free structure.
Consequently, the point of application and line of
action of distraction force(s) relative to its center of
mass becomes important. The center of mass is not
necessarily coincident with, or located near, the center
of resistance.

The aim of this report is to identify the center of
mass of the osteotomized maxilla so that force systems
may be designed for purposeful and controlled advance-
ment of the maxilla during the distraction procedure.

MATERIAL AND METHODS

Because of its structural complexity, the center of
mass of the dentomaxillary complex was determined
experimentally by isolating an osteotomized den-
tomaxillary structure from an adult cadaver (exact age
unknown). A discreet single force attached at its cen-
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Fig 1. Complete high Le Fort | dentomaxillary complex
obtained from an adult cadaver freely suspended by a
single discreet force.

Fig 3. Pretreatment frontal and profile photographs.

centerline, and similarly oriented digitized pho-
tographs were exposed. Each of the three photographs
were then put into a computer and superimposed on the
detailed structure of the dentomaxillary complex using
the Photoshop 4.0 computer program (Adobe Systems,
Inc, San Jose, Calif) (Fig 2). The center of mass in the
sagittal view is located at the intersection of any two
extended lines of action of the supportive forces. The

i e, o el third digital photograph of the supportive force was
Fig 2. Computer superimposition of dentomaxillary com- used as a check on accuracy. Similar recordings can be
plex individually supported by three separate discreet made in all three planes of space if the location of the
forces.

center of mass is desired in three-dimensional space.
The photographic/computer magnification factor was
terline (in the frontal view) close to the anterior nasal calculated at 1.33. The center of mass in the sagittal
spine supported the specimen. The dentomaxillary view of this adult dentomaxillary specimen can then be
complex will position itself so that its center of mass clinically described as being located on a line along the
will be exactly in line with the supporting force. The mesial aspect of the maxillary first molar root 14.66
structure supported in this manner obeys the laws of mm superior to its occlusal surface. With the knowl-
static equilibrium? (Fig 1). This was recorded in the edge of the location of the center of mass as seen in the
sagittal view at a fixed focal length and spatially ori- dentomaxillary specimen, protraction force(s) can be
ented digitized photograph. The dentomaxillary com- appropriately designed in the clinical situation to pro-
plex was then resupported separately by a second (cen-vide linear protraction, or downward and forward, or
ter of the palatal suture) and third (posterior nasal upward and forward rotation of the dentomaxillary
spine) discreet, single suspending force attached at thecomplex.
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Ato Na perp: - 2mm
Pog to Na perp: - 6 mm
Convexity: 2 °
MP to FH: 34 ©
U1to PP: 115°

Fig 5. Pretreatment lateral cephalogram and tracing.

Fig 4. Pretreatment intraoral photographs.

absent. Model analysis demonstrated congruent trans-
verse dimensions. Cephalometric analysis revealed
CASE REPORT maxillary retrusion and vertical skeletal pattern (Fig 5).
A 10-year-old female patient presented with a pre- The vertical mandibular posture (high mandibular
viously repaired right unilateral complete cleft lip and plane angle) ameliorated the severity of the Class Il
palate with secondary grafting of the alveolar cleft. She facial profile. Treatment objectives were to advance
exhibited underdevelopment of the midface and a con- and rotate the maxilla forward and downward through
cave soft tissue profile (Fig 3). The dentition was distraction osteogenesis, reducing the skeletal open
mixed and displayed a Class Il molar relationship, 6 bite without a concomitant increase in the lower facial
mm anterior open bite, and 4.5 mm underjet, with a height and to obtain a Class Il molar relationship with
bilateral posterior crossbite (Fig 4). Significant maxil- correction of the anterior and posterior crossbites while
lary and moderate mandibular arch length deficiencies improving facial esthetics.
were evident. The maxillary right lateral incisor was A complete high Le Fort | osteotomy combined
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Fig 6. Rigid distraction device in place. Frontal view and
lateral view.

with the use of a rigid external distraction device was
planned. After cementation of an intraoral splint with

external hooks placed at the level of the palatal
plane®6:23.24the patient underwent surgery. After sep-

tal and pterygomaxillary disjunction, the maxilla was

completely mobilized but not advanced or reposi-
tioned. Soft tissue closure was performed, and the rigid
external distraction device was placed. After a 4 day
latency, traction wires were connected from the exter-
nal hooks of the intraoral splint to the distraction

screws mounted on the rigid external distraction device
(Fig 6). The direction of the force(s) was parallel to the
mandibular functional occlusal plane. Distraction was
maintained at the rate of 1 mm per day for 15 days. At
the end of distraction, the patient was retained with the
rigid external distraction device for 3 weeks. After its

removal, elastic traction force(s) of 450 g to a remov-
able face mask were instituted at night for 6 weeks.
Immediately after surgery, the mandible rotated clock-
wise because of the vertical separation of the
osteotomized maxilla. After controlled maxillary seg-

ment distraction, the mandible rotated toward its origi-
nal position. The anterior open bite was corrected.
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Fig 7. Posttreatment frontal and profile photographs.

After treatment, the mandibular plane angle increased
2°, and the facial and skeletal convexity was improved.
The nasal tip was advanced 3 mm (Table | and Fig 7).
Overjet and overbite were altered to 6 mm and 2 mm,
respectively (Fig 8). Pretreatment (T1) and posttreat-
ment (T2) cephalometric radiographs demonstrate a 9
mm maxillary advancement with 7 mm downward
positioning of the anterior nasal spine (Fig 9). The
treatment objectives were achieved.

DISCUSSION

The future position of the completely osteotomized
dentomaxillary complex is controlled by the point of
application and line of action of the distraction force(s)
relative to its center of mass. This is in contrast to a
constrained body where the biologic response is deter-
mined by the point of application and line of action of
the applied force(s) relative to its center of resistafce.
The center of mass of the dentomaxillary complex is
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Table I. Pretreatment (T1) and posttreatment (T2)
cephalometric values

Measurement T1 T2
SNA (°) 76 83
SNB (°) 75 74
MP-FH (°) 34 36
LFH/TFH (%) 59 54
ANS (X, y) (mm)* (56, 53) (63, 62)
1 (x,y) (mm)* (45, 78) (50, 92)
1 to palatal plane (°) 115 113
Facial contour angle (°) 9 18

*Measurement parallel to SN (x), perpendicular to SN through S (y).

envelope and attachments will provide some indeter-
minate anterior constraint and the forces of occlusion
an inferior constraint. The bones above the osteotomy
will provide superior constraint.

If linear protraction of the osteotomized dentomax-
illary complex is desired parallel to the functional
occlusal plane, the line of action of the distraction
force(s) would pass through the center of mass (in the
sagittal view) and be parallel to the functional occlusal
plane. (In the case of the nonosteotomized dentomaxil-
lary complex, the line of action of the applied force(s)
should pass through the center of resistance of the con-
strained dentomaxillary complex for straight advance-
ment2l) On the other hand, if downward and forward
or clockwise rotation is desired (center of rotation infe-
rior to the center of mass), then the line of action of the
applied force(s) would be placed superior to the center
of mass and parallel to the functional occlusal plane (as
in the reported patient). If upward and forward or coun-
terclockwise rotation is desired, the line of action of the
applied protractive force(s) would be parallel to the
functional occlusal plane and below the center of mass.
This will provide a center of rotation superior to the
center of mass.
£y 2 ‘ The clinician should be aware that the moment arm
Fig 8. Posttreatment intraoral photographs. created by locating the line of action of the force(s)

superior or inferior to the center of mass should not be
large. The moment arm fundamentally controls its
significantly influenced by the disparity in density magnitude. If the moment arm is large, the center of
(mass per unit volume) between its osseous and dentalrotation will approach the center of mass.
structures. In the reported patient, the line of action and point

One should be aware that the location of the center of application of the protractive force(s) was above the
of mass will be affected by the size (maturation) of the approximate center of mass (Fig 10). The osteotomized
0sseous structures, the number of teeth present, and thicomplex will thus rotate about a point inferior to the
surgical design of the osteotomy. Additional studies are center of mass. The osteotomized dentomaxillary com-
in progress to determine the center of mass, at variousplex is connected through external hooks of the intrao-
ages, of the different bones usually mobilized during ral splint to the distraction screws via traction wires.
craniofacial surgery. The position of the external traction hooks and the

It should also be recognized that the soft tissue direction of the traction wires determine the point of
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Fig 9. Posttreatment lateral cephalogram and superim-
posed cephalometric tracings of pretreatment (T1) and
posttreatment (T2).
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Fig 10. Protraction force(s) relative to the center of mass
of the dentomaxillary complex.

external distraction device in combination with an
osteotomized dentomaxillary comple®.Because the
dentomaxillary complex is free of its bony attach-
ments, the location of the center of mass is critically
important versus the center of resistance of the nonde-
tached dentomaxillary complex. The use of the extrao-
ral hooks eliminates lip constraints and allows for
adjustment of the line of action and point of application
relative to the center of mass when combined with
adjustment (up or down) of the rigid external distrac-
tion screw systerf®24

In this report the approximate center of mass of an
osteotomized dentomaxillary complex was determined
using a cadaver specimen. With prior knowledge of the
approximate location of the center of mass, distraction
force(s) can obtain reasonably predictable displace-
ment of the dentomaxillary complex. Location of the
distraction force(s) through the center of mass will pro-
duce linear advancement along its line of action.
Motion can be altered downward and forward or
upward and forward by locating the protractive force
line of action superior or inferior to the center of mass.
Control of the rotation of the dentomaxillary complex
is essential to prevent or to correct a skeletal open bite.
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