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Purposes: The purpose of this study was to compare the distraction forces and the biomechanical effects between two
different intraoperative surgical procedures (down-fracture [DF] and non-DF [NDF]) for maxillary distraction osteogenesis.
Materials and Methods: Eight patients were assigned into two groups according to the surgical procedure: DF, n = 6 versus
NDF, n = 2. Lateral cephalograms taken preoperatively (T1), immediately after removal of the distraction device (T2), and after
at least a 6 months follow-up period (T3) were analyzed. Assessment of distraction forces was performed during the distraction
period. The Mann-Whitney U-test was used to compare the difference in the amount of advancement, the maximum distraction
force and the amount of relapse. Results: Although a significantly greater amount of maxillary movement was observed in the
DF group (median 9.5 mm; minimum-maximum 7.9-14.1 mm) than in the NDF group (median 5.9 mm; minimum-maximum
4.4-7.6 mm), significantly lower maximum distraction forces were observed in the DF (median 16.4 N; minimum-maximum
15.1-24.6 N) than in the NDF (median 32.9 N; minimum-maximum 27.6-38.2 N) group. A significantly greater amount of dental
anchorage loss was observed in the NDF group. Moreover, the amount of relapse observed in the NDF group was approximately
3.5 times greater than in the DF group. Conclusions: In this study, it seemed that, the use of the NDF procedure resulted in
lower levels of maxillary mobility at the time of the maxillary distraction, consequently requiring greater amounts of force to
advance the maxillary bone. Moreover, it also resulted in a reduced amount of maxillary movement, a greater amount of dental
anchorage loss and poor treatment stability.
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INTRODUCTION

Distraction osteogenesis is a biomechanical process where the
application of incremental traction forces leads to new bone
formation between the surfaces of osteotomized bone segments
that are gradually separated.!" This technique not only allows
increments of new bone, but also allows the stretching of the
surrounding soft tissue.M Therefore, distraction osteogenesis has
become a very important alternative in the treatment of patients
with severe maxillary hypoplasia in craniofacial syndromes and
cleft-related deformities.!>?!
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Maxillary distraction osteogenesis has been applied successfully
for the management of patients with clefts, having several
advantages over the conventional orthognathic procedures,
advantages such as allowing large amounts of maxillary
advancement, thus eliminating the need for bone grafting and
reduced rates of relapse.”! Currently, this technique has been
successfully applied with the use of either external or internal
distraction devices. In addition, the novel surgical procedure
of maxillary anterior segmental distraction osteogenesis®™® and
the modified method”® have been performed for patients with
cleft palate.

Annals of Maxillofacial Surgery | July - December 2014 | Volume 4 | Issue 2



Yang, et al.; Biomechanical comparison of two intraoperative mobilization techniques for maxillary distraction osteogenesis

Conventional surgical procedures to perform maxillary
distraction osteogenesis often involve a Le Fort | complete
osteotomy with pterygomaxillary dysjunction, septal dysjunction
and careful medial sinus wall separation followed by an
intraoperative down-fracture [DF] to achieve the complete
mobilization of the maxilla.®'® However, the DF is considered
a high risk and aggressive procedure since it may induce
undesirable fractures extended to the pterygoid plate, sphenoid
bone and cranial base, edema and bleeding.""" Moreover, in
patients with an abnormal bone structure, such as observed
in cleft-related patients, the surgical procedure can be more
difficult and less predictable.'?!

In order to minimize the risk of the surgical procedure and shorten
the operation time, the use of maxillary osteotomy without the
complete intraoperative DF, also known as the non-DF (NDF)
technique has been proposed by several authors.!'*'! In the NDF
technique, the maxilla is mobilized just enough to ensure that
the skeletal osteotomy had been completed.l'¥ Therefore, the
traditional aggressive DF procedure is not fully performed.['3

Some reports have shown that cases treated without DF
technique allows for sufficient mobilization of the maxillary bone,
consequently providing similar surgical outcomes of cases treated
with the conventional DF technique.!'>1¢

However, our hypothesis is that by using two different surgical
procedures, it may provide different levels of maxillary mobility
at the time of the maxillary distraction. As a consequence,
it might play an important role in the total amount of force
necessary to stretch the surrounding soft and hard structures.
Such differences might affect not only the total amount of
maxillary movement, but also the amount of dental movement
and treatment stability. Moreover, little is known about the
biomechanical changes promoted by the application of different
surgical protocols.

In recent times, the authors have developed a direct method
for measuring the distraction forces during maxillary distraction
osteogenesis using a simple mechanism.l'” The direct measurement
of maxillary distraction forces provides current information
about the mechanical response and thereby, the condition in
the distracted structures. Assessment of the forces within the
maxillary bone during distraction osteogenesis may lead to a
better understanding of the nature and biology of distraction,
and help determine the most appropriate distraction protocol to
be adopted.!'”

Therefore, the purpose of the present study was to compare the
distraction forces and the biomechanical effects between two
different intraoperative surgical procedures (DF and NDF) for
maxillary distraction osteogenesis.

MATERIALS AND METHODS

This study was carried out on patients who had received
treatment with maxillary distraction osteogenesis through
the use of a rigid external distraction (RED) (RED system,
Martin L.P., Jacksonville, FL, USA) device combined with the
twin-track distraction device in an attempt to optimize the
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distraction procedure and improve patient comfort during
maxillary advancement. A simple mechanism to measure and
adjust the tension force on the traction wire was custom-made
designed to obtain data, therefore analyzing the behavior of
forces applied through maxillary distraction osteogenesis by
means of a force gauge as described by Suzuki and Suzuki.l'”!
This study followed the Declaration of Helsinki on medical
protocol and ethics, and the regional Ethical Review Board of
Chiang Mai University approved the study.

Eight patients with a variety of dento-alveolar clefts that had
been selected to receive maxillary distraction osteogenesis
treatment were asked to take part in this study. Criteria for
the patient selection were based on the presence of a severe
maxillary hypoplasia. Maxillary advancement was performed in
nongrowing patients. In none of these patients, alveolar bone
grafting had been previously performed.

All patients went through history and clinical examination as
well as complete dental and intraoral examination. Clinical
photographs, dental models and lateral cephalograms were made
preoperatively. Further lateral cephalograms were obtained after
the latency period, during the distraction period, after completion
of the active period of distraction, and at the completion of the
consolidation period. The progression of osteogenesis, the amount
of maxillary advancement, and any dento-skeletal relapse was
evaluated on the radiographs.

The patients were assigned into two groups according to the
surgical procedure they had received. All surgical procedures
were performed by the same surgeon. In the first group (DF), six
patients, one with bilateral cleft lip and palate (BCLP) and five
with unilateral cleft lip and/or palate (UCLP), had the maxillary
bone completely mobilized with the intraoperative DF procedure.
In the second group (NDF), two patients, one with BCLP and one
with UCLP, underwent Le Fort | complete osteotomy without the
DF procedure [Table 1].

Surgical procedure

Surgical procedures were performed under general anesthesia
with orotracheal intubation with infiltrative anesthesia of 1%
xylocaine with 1:100,000 epinephrine. Incisions were made along
the buccal vestibule of the maxilla bilaterally and mucoperiosteal
flaps were elevated. All patients underwent complete maxillary
Le Fort | complete osteotomy with pterygomaxillary dysjunction,
septal dysjunction and careful medial sinus wall separation. The
intraoperative DF was performed in six patients to achieve the
complete mobilization of the maxilla (DF group). Mobility of
the osteotomized maxilla was verified to ensure that all bone
resistance was released. The maxilla was completely separated
from the pterygoid plates and perpendicular process of the
palatine bone. Neither advancement nor repositioning of the
maxilla was performed.

In two patients, in order to minimize the risk of the surgical
procedure and shorten the operation time, the intraoperative
DF was not performed (NDF group), as described by Yamauchi
et al.'! In the NDF technique, the maxilla was mobilized
just enough to ensure that the skeletal osteotomy had been
completed.!' Therefore, the pterygomaxillary dysjunction was
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not completely performed. Furthermore, the distraction trial, to
move the maxilla forward as proposed by Yamauchi et al. was
not performed.

In all patients, the incisions were irrigated and sutured with
3-0 Vicryl. The twin-track arch was mounted on the supporting
teeth across the cleft, assisting stabilization of the osteotomized
maxillary segments.

Distraction protocol and force measurement

Maxillary distraction osteogenesis was performed after a complete
Le Fort | osteotomy, under general anesthesia with orotracheal
intubation, using a RED device in combination with a twin-track
distractor connected to the dentition!" and removable intraoral
splint!'®'7 for anchorage of distraction forces [Figure 1]. A latency
period of 4-6 days was observed before initiating distraction.

A simple mechanism to measure and adjust the maxillary
distraction forces was specially designed to allow direct
measurement of tension force during maxillary distraction
osteogenesisas described by Suzuki and Suzuki.l'? The mechanism
was connected bilaterally to the traction screws of a RED system in
order to analyze the behavior of forces applied through maxillary
distraction osteogenesis by means of a force gauge [Figure 2]. In all
cases, the maxilla was advanced parallel to the functional occlusal
plane. The traction micro-cables replaced the conventional
surgical wires in order to optimize the transference of traction
forces to the maxillary bone, thereby avoiding the distortion that
is observed when traction wires are used.!'"¥ Distraction force can
be measured directly by simply pulling on the cable loop. A light
sensor was used to identify the minimum distance necessary to
unseat the stopper. Distraction force equals the measurement force
that is just sufficient to unseat the stopper.

Distraction was performed at the rate of 1.0 mm/day in two
increments, respecting a 12 h interval. Measurements were carried

Figure 1: Rigid external distraction system combined with a twin-track
distractor connected to the dentition

out before and after activation using a digital force gauge (Shimpo
FGS-50S, Nidec-Shimpo America Corporation, Itasca, IL, USA)
during the distraction period. The amount of force being applied
was also evaluated daily during the consolidation period.

The duration of the maxillary distraction period was determined
clinically and cephalometrically by the severity of the mid-face
retrusion and correction of the anterior dental cross-bite [Figure 3].
All patients remained in the hospital during the distraction period.
Activation and distraction force measurements were performed
by the same orthodontist (EYS). The patients were followed-up
daily to assess progression of distraction until the proper overjet,
overbite, and relatively stable occlusion were achieved. The
device was maintained for 4 weeks for rigid retention after
activation was completed. After this period, the cranial portion
of the RED device was removed with a small amount of local
anesthetic at the scalp pin sites. An additional 4-6 weeks of
retention using facial mask elastics was utilized.

Dento-skeletal measurements

Dento-skeletal changes were analyzed using serial sets
of lateral cephalograms made in centric occlusion at the
following stages: Preoperatively (T1), immediately after
removal of the distraction device (T2), and after at least a
6 months follow-up period (T3). Additional radiographies were made
during the distraction period to assess the amount of dento-skeletal
movement during the activation period. All lateral cephalograms
obtained at each interval were traced on acetate paper. The anterior
cranial base was used for overall superimposition.

Figure 2: Intraoral picture of the twin-track distraction

Table 1. Patient data and distraction outcomes

Patient Gender Age Cleft Surgical Amount of Activation Rate of Max
(year) type procedure advancement (mm) period (day) movement (mm/d) force (N)
1 M 18 UCLP DF 7.9 " 0.72 15.3
2 M 22 UCLP DF 14.1 18 0.78 23.6
3 M 24 UCLP DF 10.6 " 0.96 16.9
4 M 26 UCLP DF 9.4 10 0.94 16.1
5 F 21 UCLP DF 8.6 10 0.86 16.7
6 F 15 BCLP DF 9.6 10 0.96 16.7
7 M 21 BCLP NDF 1.5 21 0.36 35.6
8 M 22 UCLP NDF 4.2 14 0.3 30.2

UCLP=Unilateral cleft lip and palate; BCLP=Bilateral cleft lip and palate; DF=Down-Fracture; NDF=Non-Down-Fracture
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Figure 3: Evaluation of maxillary distraction osteogenesis was performed with lateral cephalograms
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Figure 4a: Cephalometric landmarks and reference planes. Sella (S);
nasion (N); orbitale (Or); porion (Po); anterior nasal spine (ANS); posterior
nasal spine (PNS); Point A (A); Point B (B); menton (Me); gonion (Go);
upper central incisor edge (U1); apex of upper central incisor (U1r);
midpoint of upper first molar crown (U6); mesial root apex of upper
first molar (U6r); Frankfort horizontal (FH) plane; palatal plane and
mandibular plane

Fifteen skeletal and dental landmarks and three reference planes
were identified [Figures 4a and b]. Custom-made digitizer
software (Smart Ceph version 9.0 XP, Y and B Products, Chiang
Mai, Thailand) was used to perform all linear and angular
cephalometric measurements.

An XY coordinate system was constructed on the sella
turcica (S). A line parallel to the Frankfort horizontal (FH)
plane passing through S was used as the X-axis; a line drawn
perpendicular to this plane through S was used as the vertical
or Y-axis.l'¥ The SN line and the XY axis were transferred from
T1to T2, T2 and T3 as accurately as possible by using the anterior
cranial base for overall superimposition. The subtraction of the X
and Y values for each landmark at each interval was calculated to
estimate the horizontal and vertical displacement of the landmarks.
The magnification of the cephalograms was 10%. However,
no correction was made because all radiographs were made in
the same cephalostat with the same object-film distance. The
radiographs were obtained with the lips in the relaxed position.
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Figure 4b: Measurement of dento-alveolar changes: Vertical distance of
the upper incisor edge from the palatal plane (hU1); vertical distance of
the medial buccal crown top of upper first molar from the palatal plane
(hU6); inclination of the upper central incisor (U1°) and first molar (U6°)
relative to the palatal plane

Skeletal changes

Measurements that indicated the changes and stability in
the position of the maxilla were the horizontal, vertical
and liner movement of point A (A), and the angle changes
including SNA, SNB, ANB, palatal plane-FH and mandibular
plane-FH [Figure 4a].

Dental changes

The perpendicular distances of the maxillary central incisor
edge (U1) and root apex (U1r), first molar crown (U6) and
furcation (Uér) from the palatal plane (U1/PP mm, U6/PP mm),
and the liner distance from posterior nasal spine to central
incisor apex (U1r) and first molar furcation (U6r) were measured.
The angles between the long axis of the incisors (line
through U1 to U1r) and the palatal plane (U1/PP°) and between
the long axis of first molar (line through U6 to U6r) and palatal
plane (U6/PP°) were measured [Figure 4b].

Error of the method

The Dahlberg formula was used to determine the standard
error for variables in each data set. Five subjects (with T1, T2
and T3 radiographs) were randomly selected. Each radiograph
was retraced, superimposed, and re-digitized for the error
determination. The error was <0.8 mm for linear skeletal
measurements and 1.5° for angular measurements.
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Statistical analysis

The statistical analyses were performed using the SPSS
program (SPSS Inc., Chicago, IL, USA) on a personal computer.
The median, minimum, and maximum of the measurements
were calculated. A paired t-test was used to compare the
treatment changes during the following two periods: (1) The
distraction period (T1 vs. T2) and the follow-up period (T2 vs. T3).
The Pearson correlation coefficient was used to determine the
correlation between the amounts of maxillary advancement
and the distraction force increment during the distraction
period (T1 vs. T2) and between the increment of distraction force
and the amount of relapse at the follow-up period (T2 vs. T3).

The Mann-Whitney U-test was used to compare the differences
in the amount of advancement, the maximum distraction force,
and the amount of relapse between the DF and NDF groups. The
P value for all tests was set at <0.05.

RESULTS

Distraction protocol
Comparisons between the DF and NDF groups during the
distraction period (T1-T2) are shown in Table 2.

Although a similar distraction protocol, such as latency, rate of
activation and consolidation periods, was adopted for both groups,
asignificantly larger amount of maxillary movement was observed in
the DF group (median 9.5 mm; minimum-maximum 7.9-14.1 mm)
than in the NDF group (median 5.9 mm; minimum-maximum
4.1-7.6 mm). The actual rate of skeletal movement was
approximately 3 times higher for the DF group (median 0.9 mm/
day; minimum-maximum 0.7-1.0 mm/day) than for the NDF
group (median 0.4 mm/day; minimum-maximum 0.3-0.4 mm/day).

Comparison of the actual ratio of skeletal movement (amount of
activation: Amount of movement) was significantly greater for
the DF group (median 1: 0.8; minimum-maximum 1: 0.6-1:0.8)
than for the NDF group (median 1:0.3; minimum-maximum
1:0.3-1:0.4).

Dento-skeletal changes

Cephalometric analysis, demonstrated a significantly greater
change in the value of SNA of the DF group (median 7.5°;
minimum-maximum - 5.3-9.8°) than of the NDF group (median
4.4°; minimum-maximum -3.5-5.2°). An opposite vector of
displacement was observed in the inclination of the palatal plane
between the DF and NDF groups. A clockwise rotation of the
palatal plane (median 2.5°; minimum-maximum —4.8-6.7°) was
observed in the DF group, whereas a counter clockwise rotation
was observed (median —8.3°; minimum-maximum —13.2-3.2°)
in the NDF group. Moreover, there was a significantly greater
change in the value of the mandibular plane in the NDF group
(median 3.4°; minimum-maximum 2.6-4.1°) than in the DF
group (median —1.1°; minimum-maximum 0.6-2.1°).

In the DF group, U1 (median —5.4°; minimum-maximum
-10.8-1.2°) and U6 (median —5.5°; minimum-maximum
—11.5-2.0°) were palatally inclined with minimal amounts of dental
extrusion of UT (median 0.8 mm; minimum-maximum —0.1-2.6 mm)
and U6 (median 0 mm; minimum-maximum —4.1-1.7 mm). In
contrast, in the NDF group, U1 (median 12.6°; minimum-maximum
1.2-24°) was buccally inclined, while U6 (median —1.7°;
minimum-maximum —7.5-4.1°) was mesially inclined. A large
amount of dental extrusion was observed in U1 (median 3.5 mm;
minimum-maximum 1.3-5.7 mm) and U6 (median 1.3 mm;
minimum-maximum 0.5-2.1 mm).

Table 2: Comparison between Down-fracture (DF) and Non-Down-Fracture (NDF) during the distractions period (T1 -T2)

Variables DF (n=6) NDF (n=2) Sig
Median Min Max Mean rank Median Min Max Mean rank
Distalization protocol
Latency (d) 4 4 5 26.0 45 4 5 10.0 NS
Activation period (d) 10.5 10 18 3.7 17.5 12 23 7.0 NS
Amount of activation (mm) 12.5 10 24 3.7 22.5 17 28 7.0 NS
Amount of movement (mm) 9.5 7.9 14.1 5.5 5.9 4.1 1.6 1.5 *
Movement : Activation 0.8 0.6 0.8 5.5 0.3 0.3 0.3 15 *
Rate of movement (mm/d) 0.9 0.7 1 55 0.4 0.3 0.4 1.5 *
Consolidation period (d) 25 24 33 42 27 25 29 55 NS
Dentoskeletal changes
SNA (°) 15 5.3 9.8 5.5 4.4 35 5.2 1.5 *
SNB (°) -1.3 -3.6 1.6 4.7 -1.7 —4 0.7 4.0 NS
ANB (°) 8 6.6 13.4 55 4.6 3.8 5.4 1.5 NS
Palatal plane (°) 2.5 —4.8 6.7 5.3 -8.3 —13.4 -3.2 2.0 NS
Mandibular plane (°) 1.1 0.6 2.1 35 3.4 2.6 4.1 15 *
U1-PP(°) —5.4 -10.8 1.2 3.6 12.6 1.2 24 1.3 NS
U1 - PP (mm) 0.8 -0.1 2.6 39 35 1.3 5.7 6.3 NS
U6 - PP (°) —55 -11.5 -2 4.2 -1.7 -15 4.1 5.5 NS
U6 - PP (mm) 0 —4.1 1.7 4.0 1.3 0.5 2.1 6.0 NS
Distraction forces
Maximum distraction force (N) 16.4 15.1 24.6 3.5 329 27.6 38.2 15 *
Force increment (N) 2.5 1.9 3.4 35 5.3 3.9 6.7 15
Force decay (N) -1.8 -2.3 -1.3 4.7 —-2.3 -3.2 —-1.4 4.0 NS
Residual force at removal (N) 0.5 0.3 0.8 3.6 1.4 0.8 2 7.3 *

*P<0.05; NS=Not significant; DF=Down-fracture; NDF=Non-down-fracture; SNA=sella, Nasion, A point; SNB=Sella, nasion, B point; ANB=A Point,

nasion, B Point; PP=Palatal plane
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Distraction forces

Analysis of forces measured demonstrated significantly greater
maximum distraction forces for the NDF group (median 32.9 N;
minimum-maximum 27.6-32.8 N) than for the DF (median 16.4 N;
minimum-maximum 15.1-24.6 N) group [Figure 5]. Moreover,
the NDF group exhibited a significantly greater force
increment (median 5.3 N; minimum-maximum 3.9-6.7 N) than
did the DF group (median 2.6 N; minimum-maximum 1.9-3.4 N)
[Figure 6]. It was also observed that the residual force by the
end of the consolidation period (before Halo removal) was
greater in the NDF group (median 1.4 N; minimum-maximum
0.8-2.0N) than in the DF group (median 0.5 N; minimum-maximum
0.3-0.8 N), and there was no statistical significance between
groups. However, no significant difference in the amount of force
decay between the DF and NDF groups was observed.

Table 3: Comparison between Down-fracture (DF)

and Non-Down-Fracture (NDF) during the follow-up
period (T2 -T3)

Variables

DF (n=6) NDF (n=2) Sig

Median Min Max Mean Median Min Max Mean
rank rank

Dentoskeletal

changes

Relapse (mm) —-16 —-42 -12 55 —-44 -52 -36 15 *
Relapse (%) 18% 13% 30% 55 072 -0.8 —-065 15 *

SNA (°) -13 —-26 -02 55 -5 —-58 —42 15 *
SNB (°) 19 1.7 29 45 15 —16 46 45 NS
ANB (°) —34 —-49 -27 45 —-57 —-88 —26 45 NS
Palatal -24 -36 —18 35 78 45 N 175 %
plane (°)

Mandibular -18 —-26 —-12 48 -28 —-42 —14 35 NS
plane (°)

U1-PP(°) 63 54 78 53 16 -12 44 20 NS
U1t-PP(mm) -02 -15 14 42 -01 -02 01 55 NS
U6 - PP (°) 9.1 82 15 45 136 74 198 45 NS
U6 - PP (mm) 2.1 08 26 49 1.5 1 2 33 NS

*P<0.05; NS=Not significant; DF=Down-fracture; NDF=Non-down-fracture;
SNA=Sella, nasion, A point; SNB=Sella, nasion, B point; ANB=A point,
nasion, B point; PP=Palatal plane
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Figure 5: Distraction force assessment between the down-fracture (DF)
and non-DF groups
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Stability
Comparisons of dento-skeletal changes between the DF and NDF
groups during the follow-up period (T2-T3) are shown in Table 3.

A significantly greater amount of relapse was observed in the NDF
group (median —4.4 mm; minimum-maximum —5.2-3.6 mm)
than in the DF group (median —1.6 mm; minimum-maximum
—4.2-1.2 mm). Moreover, the percentage relapse in observed in
the NDF group (median 72%; minimum-maximum 65-79%) was
approximately 3.5 times greater than in the DF group (median 18%;
minimum-maximum 13-30%). The SNA values also confirmed
the greater amount of relapse in the NDF group (median —1.3°;
minimum-maximum - 5.8-4.2°) than in the DF group
(median 1.9°; minimum-maximum —2.6-0.6°).

Cephalometric analysis also demonstrated a significant
difference in the amount and pattern of relapse in the
inclination of the palatal plane. In the DF group (median —2.4°;
minimum-maximum -—3.6-1.8°), a counter clockwise rotation
of the palatal plane was observed, whereas in the NDF
group (median 7.8°; minimum-maximum 4.5-11.0°) a clockwise
rotation was observed. No significant differences in the SNB, ANB
or mandibular plane angle were observed between groups. Also,
no significant differences in the dental changes between the DF
and NDF groups were observed during the follow-up period.

Although large amounts of dental changes were observed in the
follow-up period, the differences were not statistically significant.

DISCUSSION

Different intraoperative surgical protocols involving the use of DF
and NDF procedures have been applied to maxillary distraction
osteogenesis.P1%13151 The main advantage of the NDF over the
DF procedure is the reduction of risks and complications, thus
reducing surgical time.['>' However, little is known about the
biomechanical changes and stability promoted by the application
of such different surgical protocols. In our study, comparison of
distraction forces and the biomechanical effects between these
two different intraoperative surgical procedures have been
performed.

10
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Figure 6: Force increment between the down-fracture (DF) and non-DF
groups
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DOG protocol

Although similar distraction protocol was adopted for both DF
and NDF groups, no significant difference was observed in the
latency, rate of activation or consolidation periods. However,
the activation period was significantly longer for the NDF
group (median 17.5 days; minimum-maximum 12-23 days)
than for the DF group (median 10.5 days; minimum-maximum
10-18 days). In contrast, the amount of maxillary advancement
was significantly greater for the DF group (median 9.5 mm;
minimum-maximum 7.9-14.1 mm) than for the NDF group (median
22.5 mm; minimum-maximum 17-28 mm). Therefore, the actual
ratio of skeletal movement was approximately 3 times greater
for the DF group (median 0.9 mm/days; minimum-maximum
0.7-1 mm/days) than for the NDF group (median 0.35 mm/days;
minimum-maximum 0.3-0.4 mm/days).This result indicates that the
total amount of maxillary advancement was highly influenced by
the type of surgical procedure. The use of DF allowed for a larger
amount of movement in a significantly shorter period of time,
thus providing more efficient bone movement during distraction.

The results of this study contrast with the findings of Yamauchi
et al.,'"”¥ who reported larger amounts of maxillary advancement
(10.0-17.0 mm) in a group of six patients with clefts who
underwent maxillary distraction osteogenesis without the
intra-operative DF.['*l However, in their study, titanium ret Alkan
ention plates were fixed to the lateral walls of the maxilla to allow
the intraoperative distraction trial to ensure free movement of the
segments.!"¥ However, in our study, maxillary distraction was
performed with a twin-track distraction device, that is essentially a
tooth-borne device. Moreover, the intraoperative distraction trial,
as suggested by Yamauchi et al. was not performed.l'" Therefore,
we considered that the intraoperative distraction trial might have
played an important role in the amount and quality of movement
of maxillary bone during the distraction period.

Several authors have applied a modification of the NDF
procedure to create the so-called “minimal DF” technique in
an attempt to reduce risks and complications related to the DF
technique.B'92% However, there is a lack of information regarding
the differences in the distraction outcomes, such as the amount of
advancement, stability of changes or amount of force necessary
to displace the osteotomized maxillary bone between NDF and
DF procedures.

In our study, one patient who underwent NDF required an
additional surgical procedure to allow the complete mobilization
of the maxilla. The possible cause of the failure was the presence
of bone contacts that remained intact at the posterior maxilla.
After the remaining bone contacts were eliminated, the maxilla
was advanced to the planned position, thus indicating that the
complete mobilization of the maxilla plays an important role on
the distraction process. This is particularly important considering
distraction ostogenesis, since the partial mobilization of the
osteotomized maxilla may generate substantial resisting forces
that compromise the maxillary advancement, or would require
an additional surgical procedure to ensure that the maxilla has
been completely mobilized.

A similar result was reported by Alkan et al.,?" who reported
the failure of maxillary distraction osteogenesis due to the
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incomplete mobilization of the maxilla. In their report, although
the complete Le Fort | osteotomy, followed by the intraoperative
DF, was performed, the maxillary advancement was not possible.
A second surgical procedure was necessary to allow complete
mobilization of the maxillary bone, to achieve the planned
maxillary advancement. Therefore, the complete mobilization of
the maxillary bone plays an important role in the final outcomes
of the distraction procedure.

Dento-skeletal changes

Analysis of dento-skeletal changes demonstrated significant
differences in the amount and direction of the rotation of the
osteotomized maxillary bone. In the DF group, a clockwise rotation
pattern was observed, whereas a counter clockwise rotation of the
maxillary bone was clearly observed in the NDF group. Although it
was not possible to confirm the amount or type of bone attachment
through radiographic examination, the main explanation for such
differences might be attributed to the differences in the bone
attachment at the posterior maxilla. In the DF group, the maxillary
bone was completely mobilized, consequently allowing the
unrestricted down-forward movement of the maxilla at the planned
position. In contrast, in the NDF group, the presence of bone
contacts at the posterior maxilla or incomplete osteotomies, limited
the movement of the maxilla. And as a consequence, when the
distraction force was applied, the partially osteotomized maxilla did
not move to the planned down-forward position; instead it moved
up-forward.?"! Such undesirable and unplanned movements would
lead to unsatisfactory results.

The presence of incomplete osteotomies has also been reported
by several authors.l'#1%22 Dolanmaz et al.,””” have observed
different types of unpredictable fractures after the DF procedures
in a group of cadavers. In their study, the incomplete osteotomies
were evaluated using computed tomography scan to identify the
areas with incomplete fractures.

Cephalometric analysis also demonstrated significant differences
in the amount and direction of dental movement between the
DF and NDF groups. In the DF group, palatal inclination of U1
and distal tipping of U6 were observed. In contrast, in the NDF
group, buccal inclination of U1 and mesial tipping of U6 were
observed. Such contrasting dental movements can be explained
by the different amounts of maxillary bone resistance to the
movement during the maxillary advancement between the
DF and NDF groups. In the DF group, the maxilla was moved
down-forward with distraction forces 3 times lower than the forces
used to move the maxilla in the NDF group. As a result, palatal
tipping of U1 combined with distal tipping of U6 was observed.
In the NDF group, since a relatively high amount of force was
necessary to advance the maxillary bone, both U1 and U6 were
moved mesially, indicting a large amount of dental movement
[Figure 7]. It is important to note that although a large amount
of force was used in the NDF group, the maxillary bone did not
move forward to the planned position.

The results of this study are in accordance with those
of Block et al.,?? who investigate the amount of dental anchorage
loss associated with the use of tooth-borne distractors. Block et al.
24 have demonstrated that some amount of dental anchorage
loss is expected when tooth-borne devices are used. However,
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Figure 7: Comparison of dento-alveolar changes between the down-fracture (DF) and non-DF groups

the pattern of dental changes between the DF and NDF groups
observed in our study can be attributed to the different levels of
resistance to movement offered by the osteotomized maxillary
bone. Such differences in the dental changes indicate that the
type of surgical procedure might play an important role in the
amount and direction of the dental changes. This can be critically
important considering the use of tooth-borne devices. The use
of bone-borne distractors, or the use of distractors connected
to miniscrew implants, can reduce or avoid undesirable dental
effects during distraction osteogenesis.?>2!

Distraction forces

In this study, the assessment of distraction forces demonstrated
significantly greater maximum distraction forces for the NDF
group (median 32.9 N; minimum-maximum 27.6-38.2 N)
than for the DF group (median 16.4 N; minimum-maximum
15.1-24.6 N). Similarly, the assessment of force increment during
the distraction period also confirmed a significantly greater
force increment (median 5.3 N; minimum-maximum 3.7-6.7 N)
for the NDF group than for the DF group (median 2.6 N;
minimum-maximum 2-3.4 N).

The results are in accordance those of a previous study by Suzuki
and Suzuki," who assessed the distraction forces necessary to
advance the distracted maxillary bone. However, in their study,
only completely osteotomized maxillary bone was investigated.!'”!

Our results suggest that resisting forces might be generated by the
incomplete fracture at the posterior maxilla, thus compromising
the complete mobility of the maxillary bone. The presence of
such bone contacts that remained intact at the posterior maxilla
generates high resisting forces to the movement during the
distraction period, consequently limiting the total amount of
skeletal movement.?" Such increase in the movement resistance
has also been followed by increments of force during the
distraction. This result is a new finding and indicates that the
use of different surgical procedures (DF and NDF) provides
significant differences in the biomechanical response of the
distracted structure.

Analysis of the dento-skeletal changes revealed that there was a
significantly greater amount of dental anchorage loss in the NDF
group. The greater increments of force during the distraction
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period led to a more prominent dental anchorage loss. This
is particularly important considering the use of tooth-borne
devices. Block et al.?¥! have reported a significant amount of
dental movement during distraction using tooth-borne distraction
devices.

It was also observed that the amount of residual force by the end of
the consolidation period, before removal of the distraction device,
was almost 4 times greater in the NDF group (median 14 N;
minimum-maximum 0.8-2 N) than in the DF group (median
0.5 N; minimum-maximum 0.3-0.8 N). The result indicates
that the distraction force applied to the NDF group was not
applied effectively to produce the movement of the maxillary
bone; instead, it was stored within the partially osteotomized
maxilla throughout the consolidation period. As a consequence,
a significant amount of dental anchorage loss was observed in
the NDF group.

Stability

Maxillary distraction osteogenesis, despite the large amount of
movement, has been described as a relatively stable procedure
compared to the conventional osteotomy procedures.['®2” Moreover,
the stability of changes following maxillary distraction osteogenesis
has been associated with the amount of advancement,'” distractor
type reference,**% facial growth after distraction,?’! and the
amount of scar tissues in patients with clefts.['23

However, in our study, a significantly greater amount of
relapse was observed in the NDF group (median —4.4 mm;
minimum-maximum -5.2-3.6 mm) than in the DF
group (median —-1.6 mm; minimum-maximum
—4.2-1.2 mm). Moreover, the percentage relapse observed in
the NDF group (median 72%; minimum-maximum 65-79%)
was approximately 3.5 times greater than the DF group (median
18.3%; minimum-maximum 13-30%). The results clearly indicate
that the modality of the surgical procedure plays an important role
in stability following maxillary distraction osteogenesis.

CONCLUSIONS

This study suggests that the use of two different surgical procedures
resulted in significantly different biomechanical responses of the
osteotomized maxillary bone. The use of the NDF procedure
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resulted in lower levels of maxillary mobility at the time of the
maxillary distraction, consequently requiring higher amounts of
force to advance the maxillary bone. Moreover, it also resulted
in reduced amounts of maxillary movement, higher amounts of
dental anchorage loss and poor treatment stability.

In a future study, a bone-borne anchorage will be applied to avoid
the effect of the Twin-track arch (TT) device on the dento-skeletal
changes.
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