ool Opey
oF

&

External versus Internal Distraction Devices
in Treatment of Obstructive Sleep Apnea in
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Background: Obstructive sleep apnea is often associated with congenital
craniofacial malformations due to hypoplastic mandible and decreased
pharyngeal airway. In this study, we will compare external and internal
distraction devices for mandibular lengthening in terms of effectiveness,
results, patient comfort, and complications.

Methods: Thirty-seven patients were treated by bilateral mandibular dis-
traction osteogenesis for obstructive sleep apnea: 20 with external and 17
with internal distraction devices.

Results: Lengthening of the mandible and increase of the pharyngeal airway
were obtained in all patients. Using the external devices, the average man-
dibular elongation was 30 mm versus 22mm with the internal devices; how-
ever, after 1 year, the results were more stable with internal devices. External
devices carried greater risk for pin tract infection than the internal devices
(27.5% vs 5.88%). In addition, pin loosening in 22.5% required pin replace-
ment or led to reduced retention period. Internal devices had a precise and
predictable vector of lengthening and left less visible scars at the subman-
dibular area but carried the disadvantage of requiring a second operation
for device removal. In very young children with severe micrognathia, it was
impossible to place internal devices, and external devices were used.
Conclusions: Internal devices should be the first choice because they are more
comfortable to the patients, more predictable vector of lengthening, are less
vulnerable to dislodgement, and leave reduced scarring, with the great dis-
advantage of second operation for removal. However, external devices still
should be considered mainly in severely hypoplastic cases, and the surgeon
should be prepared for both options. (Plast Reconstr Surg Glob Open 2014;2:¢188;
doi: 10.1097/GOX.0000000000000147; Published online 29 July 2014.)

bstructive sleep apnea (OSA) is often asso-
ciated with congenital craniofacial malfor-
mations due to the hypoplastic mandible
and decreased pharyngeal airway.'? In recent years,
mandibular distraction osteogenesis has become the
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treatment of choice for pediatric patients with OSA
that are associated with hypoplastic mandible."**
Forward mandibular distraction causes advancement
of the base of tongue and the hyoid bone, increasing
the pharyngeal airway and improving the airway of
patients who suffer from respiratory distress or per-
mit decannulation of permanent tracheotomy.
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Mandibular distraction osteogenesis can be associ-
ated with a wide variety of minor and major complica-
tions.”'® Drawbacks of distraction devices may include
accidental mandibular fracture during placement of
device, tooth injury, inappropriate distraction vector,
facial skin scars, local infection, pin loosening, device
dislodgment, device failure, facial nerve paralysis,
failure to improve airway, and relapse.

This study reviews 37 patients who underwent
bilateral mandibular distraction osteogenesis as
treatment for OSA as a result of mandibular micro-
gnathia and glossoptosis. We compare external and
internal devices for mandibular distraction in terms
of effectiveness in use, result, patient comfort, and
complications. Moreover, the advantages and disad-
vantages of both methods will be presented.

Patient Demographics

Thirty-seven patients, aged between 6 months and
14 years old, underwent mandibular lengthening by
bilateral mandibular distraction for OSA treatment
in our hospital between 2002 and 2011. The patients
had hypoplastic mandible and glossoptosis as mani-
festations of Treacher Collins syndrome, Goldenhar
syndrome, or Pierre Robin sequence resulting in
OSA (Table 1). Twenty-one patients suffered from
respiratory distress and were tracheotomy candi-
dates, and 16 patients were tracheotomy dependent.
Polysomnographic sleep studies revealed respiratory
disturbance index greater than 10 apneas per hour
and oxygen saturation less than 85%.

All patients underwent endoscopy before the
decision for distraction to fully evaluate the airway
and to exclude tracheomalacia or other problems
that cannot be corrected with distraction. Lateral
cephalometric radiographs and computed tomogra-
phy (CT) scans revealed mandibular hypoplasia that
caused retroposition of the base of the tongue and
inadequate pharyngeal space.

Twenty patients were treated with external dis-
traction devices (Fig. 1) and 17 patients by internal
distraction devices (Fig. 2). The surgical procedure
was performed on both sides of the mandible under
general anesthesia using either the tracheostomy or
nasal endotracheal intubation.

Disclosure: The authors have no financial interest
to declare in relation to the content of this article. All
devices were purchased from KLS Martin, Tuttlingen,
Germany. The Article Processing Charge was paid for
by the authors.
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Table 1. Patient Demographics (37 Patients)

Age 6 mo to 14 y (average, 5.5 y)
Syndrome

Treacher Collins 8

Goldenhar 14

Pierre Robin Sequence 15
Tracheostomy

Tracheostomy dependents 16

Tracheostomy candidates 21

The decision to perform internal or external de-
vices was based on preoperative and intraoperative
considerations, such as anatomical bony characteris-
tics affecting the possibility to place internal devices
and patient cooperation.

The approach for the external devices was intra-
oral between the mental nerve anteriorly and go-
nial area posteriorly on both sides of the mandible.
While protecting the tissue in the floor of mouth,
a circumferential osteotomy was performed anterior
to the gonial angle using a reciprocating saw. Great
care was taken to avoid damage to the tooth roots,
dental buds, and the inferior alveolar nerve.

The external devices were placed parallel to the
mandibular body to advance the mandible forward
(Fig. 3).

The approach for internal devices was by a skin
incision at the submandibular retroangular area.
While preserving the mandibular branch of the fa-
cial nerve, exposure of the mandible between the
mental nerve anteriorly and gonial area posteriorly
was made. Then the same circumferential mandibu-
lar body osteotomy was performed just anterior to
the gonial angle. While performing reduction of the
fracture in correct preoperative occlusion on both
sides of the mandible, the 2 arms of the internal dis-
tractors (KLS Martin 20 or 25 mm) were fixed with
monocortical miniscrews across the osteotomy line
in a forward vector (Fig. 4). The distractor rods for
activation were placed either intraorally along the
lower vestibulum or extraorally posterior to the sub-
mandibular skin incision below the ear.

In both methods, after 3 days of latency period
for callus organization, gradual lengthening of the
mandible was performed at a rate of 0.5mm twice
a day for a total of I mm per day until class I occlu-
sion was achieved. Distraction was continued up to
2-3mm overcorrection anteriorly to class III dental
occlusion (Figs. 5-7). If there was tendency to open
bite or asymmetries during distraction, intermaxil-
lary elastics were placed.

Patients were evaluated by polysomnography and
lateral cephalograms, head and neck CT in axial and
sagittal planes, and 3-dimensional reconstruction be-
fore and at completion of treatment. Radiographs
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Fig. 1. Patient before treatment with external distraction device. A and B, Five-year-old boy with Treacher Collins syndrome
associated with mandibular hypoplasia and obstructive sleep apnea. C, Preoperative lateral cephalometric x-ray demon-
strating mandibular micrognathia and airway constriction (arrow).

Fig. 2. Patient before treatment with internal distraction device. A and B, Seven-month-old boy with Pierre Robin Syndrome

associated with severe mandibular hypoplasia and obstructive sleep apnea. C, Preoperative lateral cephalometric x-ray
demonstrating mandibular micrognathia and airway constriction (arrow).

were used for operative planning and follow-up. As
this article focuses on comparison between the meth-
ods of external and internal devices for mandibular
distraction, the polysomnographies and the CT used
for airway analysis®'’ are not presented.

After a 4month retention period for callus matu-
ration, the distraction devices were removed. The
external devices were removed by simple removal of

the external pins (Fig. 8) and the internal distractors
by an additional operation under general anesthesia
through the previous submandibular scars.

RESULTS
Mandibular distraction was successful in all 37
patients with marked advancement of the lower jaw
and improved airway (Fig. 7, internal and Fig. 8,
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Fig. 3. At the end of the operation after the osteotomy and placement of the bilateral ex-
ternal distractors, before commencement of lengthening. A, Lateral view. B, Anterior view.

Fig. 4. A, Cephalometric x-rays. B, Bilateral mandibular distraction with internal device.

external). At the end of the retention period after
distraction device removal, in all 16 tracheotomy-
dependent patients, the tracheotomies were re-
moved. In all 21 patients with respiratory distress,
there was improved airway with improvement of
signs and symptoms of OSA with oxygen saturation
over 95%.

As a result of the lengthening, the occlusion was
changed from class II to class I and then 2-3mm
overcorrection to class IIT (Figs. 7C and 8B). The
mean lengthening with the external devices was
30mm and with the internal devices 22mm. The
Sella-Nasion-B Point was changed using the exter-
nal devices from a mean of 64° to 81° and with the
internal devices from 65° to 80° (Table 2). After 1

4

year, the Sella-Nasion-B Point of the external devices
had a mean of 77° (relapse of 23.52%) and with the
internal devices a mean of 78° (relapse of 13.33%).
During the 1-year follow-up, the dental occlusion re-
turned to class I (Figs. 9, external and 10, internal).
The complications are presented in Table 3.

Placement and Device Stability

External devices permitted longer distraction
and could be changed to a longer distractor dur-
ing lengthening. Placement of the external devices
was simpler by intraoral approach and insertion of 2
external pins. In 4 cases, it was impossible to insert
an internal device subperiosteally because of limited
subperiosteal space or because the fixation screws
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A

Fig. 5. Following bilateral mandibular forward distraction with external devices with slight
overcorrection. A, Anterior view. B, Lateral view.

Fig. 6. Cephalometric x-rays: (A) during forward mandibular distraction with external device and
(B) following distraction.
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Fig. 7. At the end of forward distraction of the mandible with internal devices. A, Anterior view. B, Lateral view. C, Cephalo-
metric x-ray at the end of forward distraction with slight overcorrection.

Fig. 8. A, Following mandibular distraction with external devices. Note the marked skin scars
at the buccal area. B, Cephalometric x-ray after removal of the devices. Note the increased
airway (arrow) and the slight overcorrection.

Table 2. The Amount of Lengthening, Sella-Nasion-B Point, and Occlusal Changes Following Mandibular
Distraction and 1 Year Later

SNB Occlusion
Amount of
Lengthening (mm) Pre Post After 1y Pre Post After 1y
External 30 64° 81° 77° (23.52%) Class I1 Class 11T Class I
Internal 22 65° 80° 78° (13.33%) Class II Class 111 Class I

SNB, Sella-nasion-B.
could not be secured. In these cases, we switched stability. During the retention period, with external

to external devices by using 2 bicortical pins across  devices (20 patients, ie, 40 sides), 22.5% of the pins
the osteotomy line that offered better initial bone (9 sides) became loose and were removed earlier

6



Rachmiel et al.

Distraction Device Comparison for OSA

Fig. 9. One year post distraction with external devices: A and B, Note the visible skin scar. C, Class | occlusion and increased

airway (arrow).

Table 3. Complications of External and Internal
Distraction Devices Used in Mandibular Lengthening
for Correction of OSA

External—20 Cases Internal—17 Cases

(40 Devices) (34 Devices)
Device fracture No 1
Device instability: 9 (22.5%) No
pin loosening
Relapse after 1y 23.52% 13.33%
Facial nerve damage No 14.7%
Infection 11 (27.5%) 2 (5.88%)

in 3 patients (6 sides). In 3 sides, at the beginning
of the retention period when the new bone was not
solid enough, they were replaced by new pins.

In all 17 cases with internal devices, the lengthen-
ing was performed until the maximum distraction
length (20 or 25mm), and during the retention peri-
od, the devices were stable at the distraction site. In 1
patient in 1 side, the device failed to distract resulting
in device fracture, and an additional operation un-
der general anesthesia was performed to remove and
replace the broken distractor. The space for internal
devices is more limited subperiosteally, and change to
another device requires a second operation and the
same extraoral dissection under general anesthesia.

Precision of Lengthening

The external distraction is made by tension-stress.
During the distraction, there was some bending of
the pins with less precise lengthening that may lead
to inferior bony generation and subsequent relapse.
The internal devices offered more predictable and

precise rate of lengthening due to direct contact of
the device to the bony segments.

Infection

Eleven sides (27.5%) with external devices suf-
fered infection around the pins that was treated by
local disinfection and per os antibiotics. Some of
these pins became later loose and were removed. In
only 2 sides (5.88%) with internal devices, there was
some infection around the distraction rods that was
treated by local disinfection and PO antibiotics.

Patient Comfort

The external devices were less comfortable to young
patients than the internal devices because of the need
to wear several months 2 visible external devices, vul-
nerable to external trauma during daytime and even
during sleep. The internal devices were invisible to the
patient and to the society, not vulnerable to external
trauma and permitted nearly complete jaw function.

Facial Nerve Damage

External device insertion and use did not result
in any facial nerve damage; however, in the inter-
nal device group in 5 sides (14.7%), there was some
transient damage to the mandibular branch of the
facial nerve that resolved with physiotherapy several
months following the removal of the device.

Scars

After removal of the external pins, 2 visible buccal
skin scars lateral to the mandible remained (Figs. 8A

7
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Fig. 10. One year post distraction with internal devices: A and B, Note the less visible skin scar. C, Class | occlusion and increased

airway (arrow).

Table 4. Summary of Advantages and Disadvantages of External and Internal Distraction Devices in

Mandibular Lengthening for Correction of OSA

External

Internal

Approach
shorter operation
Osteotomy

“freedom of osteotomy design”
Easy to place in limited space as in
micrognathic children
Permits longer distraction

Placement

Distraction length

Comfort Uncomfortable, may be damaged by
accidental external forces

Vector of distraction Less predictable

Precision of lengthening  Less precise

Change of device Possible

Device stability

retention period
Greater relapse
Less risk

Relapse after 1y
Facial nerve damage

Infection More pin tract infection
Device removal Simple, by unscrewing the pins
Skin scars Two buccal—visible

Intraoral, 2 external pin insertion, simpler,

Easier to perform and place the pins in
various anatomic structures, more

Possible pin loosening may compromise

Extraoral submandibular, with soft tissue dissection
to the mandible
According to local anatomy and device dimension

Limited by subperiosteal place for the distractor or
difficulty in screw fixation

Limited by subperiosteal space

Comfortable, safer

More predictable, pre fixed by the device

More precise

Need additional operation

Stable for longer retention period and better
ossification

Decreased relapse

Greater risk

Less pin tract infection

Need second operation under general anesthesia

One submandibular—Iless visible

and 9A). The internal devices left a single, less visible
submandibular scar on each side (Figs. 7B and 10B).

DISCUSSION

Mandibular distraction osteogenesis is associated
with a wide variety of minor and major complica-
tions'*"%; however, the complications can be mini-
mized by careful planning and technique.®'* Master
etal,’?in 2010, reviewed 66 articles from PubMed da-
tabase and concluded that the complications of man-
dibular distraction osteogenesis include incidence

of relapse 64.8%, tooth injury 22.5%, hypertrophic

8

scarring 15.6%), nerve injury 11.4%, infection 9.5%,
inappropriate distraction vector 8.8%, device failure
7.9%, fusion error 2.4%, and temporomandibular
joint injury 0.7%.

Genecov et al,'* in 2009, examined the use of ex-
ternal and internal distraction devices in 81 patients
and observed that complications were mostly related
to pin site infections requiring antibiotics, and the
device failure was 3% with the internal devices and
10.2% with the external devices.

The advantages and disadvantages of exter-
nal and internal distraction devices in mandibular
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lengthening for correction of OSA are summarized
in Table 4.

In general, mandibular distraction can be per-
formed in the ramus for ramus lengthening, in the
mandibular angle for downward and forward ad-
vancement, or in the mandibular body.>*!*!®* Ramus
or gonial angle distraction are mainly used to treat fa-
cial asymmetries as in hemifacial microsomia.”"* How-
ever, in OSA, for forward mandibular lengthening,
the osteotomy should be performed slightly anterior
to the gonial angle, and the distraction devices should
be placed parallel to the body of the mandible, result-
ing in traction of the suprahyoid muscles and the hy-
oid bone forward and thus increasing the airway.*%*

Placement of the external devices is simple by
intraoral approach and insertion of 2 external pins
transbucally. The removal of the device is easy by
unscrewing the pins. On the other hand, placement
and removal of internal devices need extraoral sub-
mandibular approach with soft-tissue dissection to
the mandible with some risk of damage to the fa-
cial nerve. However, the damage to the mandibular
branch of the facial nerve using internal devices was
transient and resolved after device removal. No dam-
age to the mandibular branch of the facial nerve oc-
curred in any patient treated with external devices.

The internal device needs more subperiosteal
space, and the fixation by screws may pose a problem
in pediatric micrognathic population. In our series,
in 4 cases, it was impossible to insert the internal de-
vices either because of limited subperiosteal space
or because the fixation screws could not be secured.
In those cases, we used external devices by placing
2 bicortical pins across the osteotomy line to obtain
better initial bony stability. External devices are easy
to fit in various anatomical structures such as dental
buds, very small mandibles, when there is difficulty
to place an internal device which is too long for the
periosteum, and when there is soft bone that cannot
permit stable screw retention but permits insertion
of 2 external bicortical pins. Using external devices
in these cases confers more “freedom of osteotomy
design.” Therefore, the surgeon should be prepared
for both methods.

The main disadvantages of the external devices
are patient discomfort to wear several months 2 vis-
ible external devices vulnerable to external trauma
even during sleep that may result in loosening of the
pins that need to be replaced under general anesthe-
sia or to reduce the retention period that may result
in greater relapse. By contrast, the great advantages
of the internal devices are that they do not cause any
discomfort to the child, they spare the patient the
embarrassment of wearing 2 external facial devices in
public with all of the attendant psychosocial sequelae,

Distraction Device Comparison for OSA

they are safer, more stable after placement, and re-
main during the whole retention period needed for
better ossification and postoperative stability results.

An advantage of external devices is that they
permit longer distraction length, an important con-
sideration in severe cases of hypoplasia, and can be
changed during lengthening to a longer distractor.
The space for internal devices is more limited sub-
periosteally and permits smaller devices. However,
any change to another device as a result of device
failure or to a bigger device for greater distraction
length needs an additional operation with the same
extraoral dissection under general anesthesia.

It is important to treat pin tract infections using
external devices immediately by local disinfection
and antibiotics to avoid pin loosening and improper
bone generation resulting in increased relapse. The
internal devices offer the advantage of removal of
the distraction rod at the completion of lengthen-
ing, reducing discomfort and risk of pin tract infec-
tion during the retention period.

Overall stability with internal devices is greater
than with the external devices. The relapse rate was
23.52% with external versus 13.33% with internal de-
vices. This can be explained by the fact that during
distraction there is some bending of the pins with less
precise rate of lengthening, resulting in compromised
ossification during the retention period." It is well
established that for optimal bone generation, the dis-
traction rate should be accurate, not more than 1 mm
per day.?"** Moreover, the more common pin loosen-
ing during the retention period may contribute to
increased relapse in the external device group. By
contrast, internal devices offer more predictable vec-
tor of lengthening and more precise rate of lengthen-
ing due to direct contact of the device with the bony
segment. Any device lengthening is transferred di-
rectly to the bone and creates better ossification.

In some cases with tendency to open bite or im-
proper vector of lengthening, intermaxillary elastics
were placed. In growing patients with compromised
airway due to hypoplastic mandible, a slight over-
correction of 2-3mm is recommended. With both
methods, class II occlusion became class III. In all
patients, the occlusion reverted to class I after 1 year.
If needed, the slight overcorrection can be balanced
by orthodontic treatment (chin cap).

After removal of the external pins, 2 visible buccal
skin scars lateral to the mandible remained. The inter-
nal devices left a single, less visible submandibular scar
on each side. It is possible that in the future, internal
devices will be placed intraorally, avoiding the subman-
dibular approach, skin scars, and facial nerve damage.
In this series, we preferred to perform the submandib-
ular operation extraorally for better control on the os-

9



teotomy, drilling, screw fixation, and control of device
adaptation and forward device vector.

Internal devices are more comfortable to the child
with a precise and predictable vector of lengthening
and lower risk of relapse. They leave less visible scars
and should be considered first. Their main disad-
vantage is the second operation for device removal
under general anesthesia. The external devices are
easier to fit even in severely hypoplastic mandibles,
permit greater distraction length, and can be re-
moved simply by unscrewing the pins. Therefore, in
cases where internal device placement is impossible
or when there is need for greater distraction length,
external devices may be used while considering
greater child discomfort and risk of pin loosening
that may compromise consolidation and increase
risk of relapse. Mandibular distraction osteogenesis
can be associated with a wide variety of minor and
major complications that should be minimized by
careful planning and technique.
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Department of Oral and Maxillofacial Surgery
Rambam Health Care Campus
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use of the patients’ image.
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