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Controlling the vector of distraction osteogenesis in the
management of obstructive sleep apnea
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Background: Obstructive sleep apnea (OSA) in individuals with craniofacial anomalies can compromise airway and is a serious
life-threatening condition. In many cases, tracheostomy is carried out as the treatment of choice. Distraction osteogenesis of
the mandible as a treatment modality for OSA is very useful and may spare the need for tracheostomy or allow decannulation,
yet controlling the vector of distraction is still a major challenge. We present a method for controlling the vector of distraction.
Materials and Methods: Eight patients with severe respiratory distress secondary to a micrognathic mandible were treated
by mandibular distraction osteogenesis using either external or internal devices. Temporary anchorage devices (TADs)
and orthodontic elastics were used to control the vector of distraction. Cephalometric X-rays, computed tomography, and
polysomnographic sleep studies were used to analyze the results. Results: A mean distraction of 22 mm using the internal
devices and a mean of 30 mm using the external devices were achieved. Increase in the pharyngeal airway and hyoid bone
advancement was also observed. Anterior-posterior advancement of the mandible was noted with no clockwise rotation. Most
importantly, clinical improvement in symptoms of OSA, respiratory distress, and feeding was noted. Conclusions: We describe
a method for controlling the vector of distraction used as a treatment for OSA. In these cases, TADs were used as an anchorage
unit to control the vector of distraction. Our results show excellent clinical and radiographical results. TADs are a simple and

nonexpensive method to control the vector of distraction.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a sleep disorder estimated to
affect 3%—7% of the general population.!"" OSA episode is defined
as the absence of breathing for 10 or more seconds despite the
effort to breathe.”? OSA is defined by the occurrence of daytime
sleepiness, loud snoring, witnessed breathing interruptions, or
awaking due to gasping or choking in the presence of at least five
obstructive respiratory events (apnea, hypopneas, or respiratory
effort-related arousals) per hour of sleep. The presence of at
least 15 obstructive respiratory events per hour of sleep without
symptoms is also sufficient for the diagnosis.’! OSA results in
significant impairment in daytime functioning, including excessive
sleepiness, fatigue, and mood problems." Compromised airway
is a serious life-threatening condition and can occur commonly
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in individuals with craniofacial anomalies associated with
micrognathia such as Pierre Robin sequence, hemifacial
microsomia, Treacher-Collins and Nager syndromes.> In these
disorders, the reduced size of the mandible and its retruded
position can cause a posterior collapse of the tongue that may
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lead to upper airway obstruction.”? In many cases, tracheostomy
is carried out as the treatment of choice although it is associated
with frequent morbidity.[*-12

Distraction osteogenesis is a very useful solution in a number
of pathological conditions such as alveolar bone deficiency for
restoration purposes,>' compromised airway,'>'® and alveolar
clefts.l"!

One of the main challenges during the distraction process is
controlling the direction of the newly formed bone. In cases
of mandible elongation as a treatment for OSA, the vector of
lengthening should be forwarded to advance the mandible and
hyoid bone, thus enlarging the airway and inspiratory airflow.
During the mandibular distraction, an inferior component of the
vector reduces the effect of forward mandibular advancement,
thus making the distraction process less effective. In addition,
the distraction of the mandible without controlling the vector
can cause asymmetry or a clockwise rotation of the mandible
resulting in an open bite, improper occlusion, and less effective
forward traction of the mandible [Figure 1c].?"

For these reasons, controlling the forward advancement of
the mandible is an important principal when using distraction
osteogenesis as a treatment for improvement of airway obstruction.

The distraction of the mandible can be performed by extraoral
or intraoral devices. When using extraoral devices, there are
unidirectionalt'® or multidirectional, multiplanar®” distraction
devices which assist in controlling the vector of distraction.

When using internal devices, controlling the forward vector of
distraction is more challenging. To assist in controlling the forward
vector of distraction in internal devices, internal curvilinear
distracters were introduced.?'?? Although there was a great
improvement in controlling the forward vector of distraction by
external multidirectional and the internal curvilinear, there are
still difficulties in controlling the forward vector of the mandible
and occlusal adjustment.

When trying to control the vector of creation of newly formed
bone, one can use teeth, if exist, as anchorage to maintain a
desirable vector. This approach compromises existing teeth
and can result in movement and rotation.!?”! In addition, when
treating children in their first 2—3 years of life, using teeth is
not an option.

Temporary anchorage devices (TADs) are fixed temporarily to
the bone and are removed after usage; their initial purpose was
orthodontic anchorage, supporting the teeth of the reactive unit
or replacing the reactive unit altogether.?*2! TADs are small
in size, low in cost, include minimal anatomic limitations for
placement, require only a simple procedure for insertion, and
can bear immediate loading.

Recently, the usage of TADs as a new alternative for controlling the
vector of distraction has developed. We previously described the
usage of TADs to control the vector of distraction for restoration
purpose?” and for alveolus deficiency due to cleft palate.?® TADs
were also used for controlling midface advancement through Le
Fort Il and monobloc distraction osteogenesis.?”!
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In this manuscript, we describe a technique for controlling the
vector of distraction using TADs when treating patients with OSA
due to craniofacial anomalies.

MATERIALS AND METHODS

Eight patients aged from 5 months to 3 years with OSA secondary
to a micrognathic mandible associated with craniofacial
anomalies as Pierre Robin sequence, Goldenhar syndrome, and
Treacher-Collins syndrome were treated.

The patients suffered from difficulty in breathing and eating since
birth, and some were fed through a percutaneous endoscopic
gastrostomy tube.

Polysomnographic sleep studies revealed respiratory disturbance
index (RDI) >10 apneas per hour in all patients and oxygen
saturation of <85% in all patients.

The operations were done under general anesthesia. Two different
distraction devices were used; half of the patients were introduced
with extraoral distraction devices and half with intraoral devices.

The lateral surface of the mandibular body was exposed between
the mental nerve anteriorly and the gonial angle posteriorly. An
osteotomy was performed in the mandibular body just anterior
to the gonial angle [Figure 1a] and two distraction devices were
mounted, one on each side of the mandible [Figure 1b]. TADs

Figure 1: An illustration of a mandible distractor used for mandibular
forward lengthening. (a) An osteotomy is performed as demonstrated by
the dashed line anterior to the gonial angle. (b) The distractor is fitted on
both fragments. (c) Bone elongation of the mandibular body is performed
gradually without control over the vector of distraction; thus, a marked
downward vector is observed. Dashed square and gray rods demonstrate
the newly formed bone. (d) Placement of temporary anchorage devices in
the anterior part of the mandible and maxilla. Elastics are used to maintain
the forward vector and a correct occlusion during elongation
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were placed by self-tapping, two in the anterior alveolus maxilla,
and two in the anterior alveolus mandible. Great care was taken
to minimize damage to the dental roots/dental buds.

Due to difficult intubation, some of the patients were left intubated
for an additional 24 h under monitoring in the pediatric intensive
care unit until the swelling was reduced.

Following a latency period of 3 days for primary callus organization,
a gradual lengthening of the mandible was performed bilateral by
activation of the distraction devices at a rate of T mm/day [Table 1].

During the active lengthening of the mandible, orthodontic
elastics were connected to the TADs to control the forward vector
of the distraction of the mandible and minimize the downward
vector [Figure 1d].

To enable bone mineralization with minimal load bearing and
thus minimize relapse, the devices were left for three additional
months before removal after active distraction was finished.

Cephalometric X-rays and computed tomography (CT) in sagittal
and axial planes were used to measure changes in airway and

mandibular advancement.

Patients underwent polysomnographic sleep studies prior and
postdistraction to measure improvement in physiological activity.

Clinical photographs were taken to observe soft tissue changes.

RESULTS

Cephalometric analysis demonstrated hyoid bone advancement
along the axis of the mandibular body after a mean distraction

Figure 2: Lateral cephalometric radiograph showing the result of the
distraction osteogenesis on the mandible and the airway. (a) Postoperative
radiograph, before the initiation of distraction. (b) Radiograph taken after
completion of the distraction and before the removal of the distraction device

of 22 mm using the internal devices and a mean of 30 mm using
the external devices. The increase in pharyngeal airway was
also observed.

Anterior-posterior advancement of the mandible was noted with
no clockwise rotation.

Newly formed bone was well observed clinically and
radiographically.

Following distraction, there was marked clinical improvement in
symptoms of OSA, respiratory distress, and feeding.

Polysomnographic sleep studies revealed RDI >10 apneas/h
and oxygen saturation of <85% before the distraction period in
all patients and an RDI of <3 episodes/h and oxygen saturation
larger than 95% postdistraction for all of the patients.

The mean change in posterior airway space as measured at C2
level in all eight patients was 2 mm preoperatively to 12 mm
postoperatively.

An example of a cephalometric radiograph of the result of
mandibular distraction in a 16-month-old baby suffering from
Pierre Robin is shown in Figure 2. One can observe the TADs in
the alveolar bone of the maxilla and the mandible.

In the same patient, one can observe the significant improvement
in airway due to the distraction of the mandible as measured at
the level of C2 in a CT scan as shown in Figures 3 and 4, sagittal
and axial reconstructions accordingly. Three-dimensional airway
volume analysis of the same patient is shown in Figure 5,
an airway change from 1764 mm? to 12,785 mm? can be
observed. Intraoperative photographs are shown in Figure 6,
including TADs placement. The clinical result of the mandibular
distraction osteogenesis is shown in Figure 7, including 2-year
follow-up.

Figure 3: Sagittal reconstruction of computed tomography showing the
result of the distraction osteogenesis on the location of the mandible
and the expansion of the airway. (a) Preoperative computed tomography,
before the initiation of distraction. (b) Radiograph taken after completion
of the distraction and removal of the distraction devices

Table 1: Protocol for gradual distraction of the mandible as treatment for obstructive sleep apnea

Surgery Latency period Rate of bone elongation Consolidation period Device removal Decannulation in case
tracheostomy was performed
3 days 1 mm/day as necessary 3 months
216 Annals of Maxillofacial Surgery | July - December 2016 | Volume 6 | Issue 2
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Figure 4: Axial reconstruction of computed tomography showing
the result of the distraction osteogenesis on the expansion of the
airway. (a) Preoperative computed tomography, before the initiation of
distraction. (b) Radiograph taken after completion of the distraction and
removal of the distraction devices

Figure 6: Intraoperative photographs of one of the patients. (a) Lateral
view following osteotomy and device placement. (b) Anterior view showing
the four temporary anchorage devices placed in the anterior region of the
maxilla and mandible

DISCUSSION

There are many causes for OSA. Regardless of the underlying
cause, it is the resulting disproportion in skeletal and soft-tissue
dimensions that anatomically compromises the upper airway.B%

Classically, adenotonsillectomy has been the surgical treatment of
choice for pediatric OSA. However, many children, especially those
with underlying medical conditions such as Down syndrome or
craniofacial anomalies, require further treatment after this surgery.B"

Long-standing tracheostomies are associated with high morbidities
such as tracheomalacia, chronic bronchitis, laryngeal stenosis, and
risk of death due to mucus plug or dislodgement of the tracheostomy
tube. Permanent tracheostomy significantly increases the level of
home or institutional care and may lead to deleterious psychological,
communicative, and social effects in the affected child.!:'"3234

Mandibular advancement by distraction is a useful approach that
may spare the need for tracheostomy in individuals with craniofacial
anomalies suffering from OSA or to allow a decannulation in
severe cases with a permanent tracheostomy. 3541

The location of the osteotomy performed was located in the
mandibular body, just anterior to the gonial angle to elongate the
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Rirway Volume = 1764.6 mm®

Figure 5: Airway volume analysis using (Dolphin Imaging Systems,
Chatsworth, CA, USA). Airway volume of the oropharynx as measured
between the caudal point of the hyoid up to the hard palate; (a) predistraction,
(b) postdistraction. Significant change in airway volume is observed

Figure 7: Profile clinical shot showing the result of the distraction
osteogenesis on the mandible. (a) Preoperative photograph, before
the initiation of distraction. (b) Postoperative photograph taken after
completion of the distraction and removal of the distraction devices.
(c) Two years following distraction osteogenesis, anterior position of the
mandible with no significant vertical lengthening can be observed

mandible, pull the suprahyoid muscles, base of tongue, and hyoid
bone forward and minimize the vertical vector, thus maximizing
the enlargement of the pharyngeal airway.

Even when the location of the osteotomy is ideal, the vertical
component of the vector still exists due to masticatory forces.
For this reason, one of the main challenges during the distraction
process remains controlling the forward direction of the
mandibular movement.

When trying to control the vector of creation of newly formed
bone, one can use teeth, if exist, but this approach compromises
existing teeth. The patients in this study were younger than 3 years
old; at this age, using teeth as an anchorage for orthodontic elastics
to control the vector of distraction was not an option.

We describe here a method for controlling the vector of
distraction used as a treatment for OSA. In these cases, TADs were
used as an anchorage unit to control the vector of distraction.
Orthodontic elastics were used to connect the TADs in the
mandible and maxilla, thus minimizing the vertical component
of the vector.

Our results show excellent clinical and radiographical results.
A significant improvement in respiratory distress and feeding was
observed as well as evidential advancement of the mandible.
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CONCLUSION

Using TADs for controlling the vector of distraction is a simple, none-
expensive, minimally time-consuming method. TADs is a useful
technique for controlling the vector of mandibular distraction in OSA
patients, thus maximizing the forward vector and minimizing the
undesired vertical vector, resulting in efficient airway enlargement.
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