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Abstract. Mandibular distraction osteogenesis (MDO) is increasingly used for
neonates and infants with upper airway obstruction secondary to micrognathia. This
systematic review was conducted to determine the effectiveness of MDO in the
treatment of airway obstruction. The databases searched included PubMed,
Embase, Scopus, and grey literature sources. The inclusion criteria were applied to
identify studies in children with clinical evidence of micrognathia/Pierre Robin
sequence (PRS) who had failed conservative treatments, including both syndromic
and non-syndromic patients. Overall 66 studies were included in this review.
Primary MDO for the relief of upper airway obstruction was found to be successful
at preventing tracheostomy in 95% of cases. Syndromic patients were found to have
a four times greater odds of failure compared to those with isolated PRS. The most
common causes of failure were previously undiagnosed lower airway obstruction,
central apnoea, undiagnosed neurological abnormalities, and the presence of
additional cardiovascular co-morbidities. MDO was less effective (81% success
rate) at facilitating decannulation of tracheostomy-dependent children
(P < 0.0001). Failure in these patients was most commonly due to severe
preoperative gastro-oesophageal reflux disease, swallowing dysfunction, and
tracheostomy-related complications. The failure rate was higher when MDO was
performed at an age of �24 months. More studies are needed to evaluate the long-
term implications of MDO on facial development and long-term complications.
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Micrognathia is a congenital condition
involving an abnormally small mandible.
This condition tends to occur in conjunc-
tion with posterior tongue displacement
(glossoptosis), which can lead to physical
obstruction of the oropharyngeal and
hypopharyngeal regions on inspiration.
This upper airway obstruction may be
life-threatening and may require urgent
medical intervention.

In 1923, a French stomatologist was the
first to describe the constellation of symp-
toms associated with upper airway obstruc-
tion in neonates now known as Pierre Robin
sequence (PRS).1 This sequence is a
craniofacial anomaly characterized by
mandibular micrognathia (mandibular hy-
poplasia), glossoptosis, and in some cases a
‘U-shaped’ cleft palate. There is only lim-
ited epidemiological data, but the incidence
has been reported to range from approxi-
mately 1 in every 8500 live births in Liver-
pool, UK2 to 1 in 14,000 live births in
Denmark.3 The most recent study from
Germany reports an incidence of approxi-
mately 1 in 8000 births.4 This variation in
incidence is related in part to the inconsis-
tent definition of PRS in the literature.

The diagnosis of patients with PRS is
challenging due to the wide spectrum of
PRS phenotypes, variation in degree of
airway obstruction, feeding difficulties,
and the need for treatment. This has led
to some authors only characterizing those
with airway obstruction needing treatment
as having PRS5; others will include all
patients with micrognathia and glossopto-
sis, or limit the PRS diagnosis to those with
associated cleft palates.3 Although these
clinical features are most commonly seen
in isolation,6 they can also occur in associ-
ation with other syndromes of the cranio-
facial skeleton; for example, Treacher
Collins syndrome, Stickler syndrome,
and Nager syndrome. Such co-occurrences
further complicate the diagnosis. These
syndromes differ in pathogenesis from iso-
lated PRS, but all can have micrognathia
with glossoptosis and hence airway ob-
struction. For simplicity, those without an
associated syndrome are referred to in this
study as having ‘isolated PRS’ and those
with an associated syndrome are referred to
as having ‘syndromic micrognathia’. The
varying phenotypes and presumed causes
of this anomaly make comparison of the
myriad of protocols advocated for manage-
ment difficult.7

The most important consequences of
micrognathia and PRS are the inability
to effectively breathe or feed due to airway
obstruction. The majority of children born
with micrognathia or PRS have no respi-
ratory distress. Those with mild symptoms
of respiratory distress can often be treated
conservatively with prone positioning or
non-invasive techniques, such as a naso-
pharyngeal airway or the application of
nasal continuous positive airway pressure
(CPAP). The rate of success with the use
of nasopharyngeal airways varies in the
literature, ranging from 48%8 to 100%.9 A
large case series study focusing on chil-
dren with non-syndromic PRS demon-
strated that less than 10% required a
surgical intervention.10

For neonates with severe respiratory
distress, or those who fail initial conser-
vative treatment, the airway dysfunction
can be a life-threatening emergency. The
nasopharyngeal airway and CPAP can
only be tolerated for a limited period of
time, and in some cases, children need to
be intubated and ventilated to maintain
adequate oxygenation.11 Children who re-
quire prolonged treatment with these mea-
sures may require a more definitive
surgical intervention.

Several surgical treatments have been
described for the treatment of the child
with micrognathia. In 1946 Douglas de-
scribed the use of tongue–lip adhesion
(TLA) for the treatment of upper airway
obstruction associated with micro-
gnathia.12 This procedure involves surgi-
cally fusing the tongue to the anterior
lower lip to hold the tongue in an anterior
position. The adhesion is usually reversed
with another surgical procedure at 9–12
months of age. However, the underlying
cause of the obstruction is not fully
addressed by TLA, and wound dehiscence
and feeding difficulties are common,6,13

thus many centres have abandoned it as a
viable treatment option.11

Other surgical options described in-
clude mandibular traction and advance-
ment appliances,14,15 and sub-periosteal
release of the floor of the mouth muscula-
ture.16,17 However these procedures have
not met with widespread success and have
largely been abandoned by the larger cen-
tres.

Mandibular distraction osteogenesis
(MDO)

Since the introduction of distraction oste-
ogenesis for the craniofacial skeleton in
the mid-1980s to early 1990s, it has been
used to deal with various types of recon-
structive dilemma.18,19 MDO for infants
with micrognathia has been used for uni-
lateral mandibular lengthening by distrac-
tion for cases of hemifacial microsomia20

and bilateral MDO for cases of Treacher
Collins syndrome.21 Initially MDO was
used to resolve upper airway obstruction
and to facilitate the removal of a trache-
ostomy. Since then, it has been used in-
creasingly as the primary surgical option
for the management of neonates and
infants with micrognathia or PRS with
upper airway obstruction.22

MDO relieves the airway obstruction by
lengthening the mandible. This stretches
the tongue attachments to the mandible
(genioglossus muscle), which positions
the tongue more anteriorly, relieving the
glossoptosis. Most children with upper
airway obstruction have demonstrated an
improvement in their respiratory status
within a few days of distraction. For those
children who are intubated and mechani-
cally ventilated, this may mean extubation
and transfer to a regular hospital ward.

Several case series have demonstrated
the effectiveness of MDO in alleviating
upper airway obstruction in neonates,
infants, and older children with PRS.23

Most patients were able to avoid trache-
ostomies, and those who already had tra-
cheostomies could be decannulated. A
systematic review performed in 2008 eval-
uated the effectiveness of MDO in several
clinical applications.23 The review evalu-
ated 178 studies including 1185 patients.
Success in preventing tracheostomies was
achieved in 91.3% of patients. However,
the authors of that review searched only
the PubMed database on the applications
of unilateral and bilateral mandibular dis-
traction in both children and adults. Lim-
iting the search to a single database is a
significant methodology limitation of that
review. In addition the study also included
all possible causes of micrognathia, in-
cluding temporomandibular joint (TMJ)
ankylosis, hemifacial microsomia, and
syndromic micrognathia, which have dif-
ferent aetiologies to isolated PRS. No
comparative subgroup analyses were per-
formed to differentiate between these
groups. Furthermore, the authors did not
evaluate any long-term outcomes in chil-
dren and did not discuss reasons for failure
of distraction.

This current review was performed
with the aim of extending the search
across multiple databases to include the
current available evidence for the effec-
tiveness of mandibular distraction for the
treatment of upper airway obstruction in
children with micrognathia. This review
also reports reasons for failure and com-
pares outcomes between isolated PRS/
micrognathia patients and syndromic
micrognathia patients. A further aim is
to determine the effects of mandibular
distraction on the other complications
of micrognathia, including feeding and
weight gain, gastro-oesophageal reflux,
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and facial development. These outcomes
will be presented in subsequent papers.

Methods

A research protocol was written and peer-
reviewed prior to undertaking this system-
atic review.24 The PICO criteria used for
this review are listed in Table 1. All of the
studies in this review included children with
clinical evidence of micrognathia who un-
derwent bilateral MDO and also children
who had initially undergone conservative
treatment options. This review considered
reasons for failure and for the consideration
of tracheostomy. Syndromic and non-syn-
dromic children were included, but some
Table 1. PICO criteria for the systematic review

Participants � Male
� Clinic
� Syndr
� Bilate
� Minim
Exclusi
� Child
� Child
� TMJ 

Intervention Bilatera

Comparator Tracheo

Outcomes Airway
� Prima
� Deca
Long-te

TMJ, temporomandibular joint.

Child[mh] O

Infant*[tw] OR P

Pierre Robin[tw] OR Pierre Rob

OR mandibular hypoplasia[tw

Craniofacial Abnormalit*[tw] 

Abno

Mandibular distract*[tw] OR

Distraction[mh] OR distr

Tracheotomy[tw] OR Craniof

obstruction[t

Apnea[mh] OR Apnea[tw] OR A

reflux[mh] OR Gastro-esop

growth[tw] OR Facial develo

Fig. 1. An example of the search strategy used
particular conditions such as bilateral TMJ
ankylosis, hemifacial microsomia, and oth-
er conditions that may contribute to the
airway obstruction for reasons other than
the micrognathia alone, were excluded. In
addition, children with known lower airway
abnormalities prior to treatment were also
excluded.

The types of studies considered includ-
ed both experimental and epidemiological
study designs, including randomized con-
trol trials, quasi-experimental studies, pro-
spective and retrospective cohort studies,
and case–control studies. The review also
considered case series and case reports
where higher levels of evidence were
not found.
.

 and female children from birth with clinical evi
al evidence of upper airway obstruction, who fa
omic and non-syndromic children
ral mandibular distraction
um of 1 year follow-up

on:
ren who underwent unilateral distraction
ren with known preoperative central apnoea/low
ankylosis/hemifacial microsomia or other mandi

l mandibular distraction osteogenesis

stomy

 outcomes
ry mandibular distraction osteogenesis

nnulation of tracheostomy-dependent patients
rm outcomes

R Child*[tw] OR Neonate[mh] OR Neonat*[tw] OR Inf

ediatric[tw] OR Paediatric[tw] OR Newborn[mh] OR N

AND

in sequence[tw] OR Robin sequence[tw] OR Microgna

] OR Goldenhar[tw] OR Treacher Collins[tw] OR Nag

OR mandibulofacial dysostosis[mh] OR mandibulofaci

rmalities[mh] OR Mandibular Diseases/congenital[mh

AND

 Mandibular lengthen*[tw] OR Bone lengthening[mh:no

action osteogenesis[tw] OR Tracheostom* [mh] OR Tr

acial Abnormalities/surgery[mh] OR Airway Obstructio

w] OR mandible/surgery[mh] OR surgery[mh] OR man

AND

pnoea[tw] OR Airway obstruct*[tw] OR Airway patenc

hageal reflux[tw] OR Feed*[tw] OR Weight gain[tw] OR

p*[tw] OR dentition[tw] OR failure to thrive[tw] OR out

 for the PubMed database.
The search strategy included both pub-
lished and unpublished studies in English,
covering the period 1990 to November
2013. The databases searched included
PubMed, CINAHL, EMBASE, SCOPUS,
Web of Knowledge, and other grey liter-
ature databases such as Scirus and Med-
Nar. An example of the strategy used to
search through PubMed is given in Fig. 1.

Papers selected for retrieval were
assessed by two independent reviewers
for methodological validity and were crit-
ically appraised using the standardized
critical appraisal instruments of the Joanna
Briggs Institute Meta Analysis of Statis-
tics Assessment and Review Instrument
(JBI-MAStARI). Any disagreements that
dence of micrognathia
iled conservative treatments

er airway abnormalities
bular condition leading to airway obstruction

ant[mh]

ewborn[tw]

thia[tw] OR retrognathia[tw] 

er[tw] OR Stickler[tw] OR 

al dysostosis[tw] OR Jaw 

]

exp] OR Osteogenesis, 

acheostomy*[tw] OR 

n/surgery[mh] OR Airway 

dible[tw]

y[tw] OR Gastroesophageal 

 Weight[tw] OR Facial 

come[tw] OR molars[tw] 
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Table 2. Data items collected and recorded for each outcome studied.

Outcome Success Failure

Primary mandibular distraction
osteogenesis

Relief of upper airway obstruction Failure: Needing further airway adjuncts due to persistent
airway obstruction. The additional interventions needed
were also recorded
Polysomnography measures: obstructive apnoea/hypopnoea
index (OAHI)
Reasons for failure

Tracheostomy decannulation Decannulation was achieved after
MDO

Failure: Persistent tracheostomy despite MDO
Reasons for failure

MDO, mandibular distraction osteogenesis.

Fig. 2. Flow diagram demonstrating the numbers of studies screened, assessed for eligibility,
and included in the review.
arose between the reviewers were resolved
through discussion, or with a third review-
er. Data were extracted from the studies
included and entered into study-specific
Microsoft Excel tables. A second reviewer
checked data extraction.

The data items extracted differed be-
tween outcomes. Where available, indi-
vidual patient data were collected; where
not available, the authors were contacted
for clarification. For all studies, demo-
graphic data and patient characteristics
were collected for all patients, including
syndromic status. Follow-up periods were
also recorded for the long-term outcomes
analysis. Other data parameters recorded
for each outcome and the definitions used
for success and failure of treatment are
presented in Table 2.

The quantitative data collected and effect
sizes are expressed as odd ratios (OR)
with the 95% confidence intervals (95%
CI). Subgroup analyses were performed
where possible to compare syndromic
and non-syndromic children with micro-
gnathia and age at time of surgery. Where
statistical pooling was not possible, the
findings are presented in narrative form,
including tables and figures to aid in data
presentation.

Results

The search identified a total of 4815 stud-
ies. Out of these, a total 801 studies were
retrieved based on title. After removal of
duplicates, studies not in English, and
studies outside the date criteria, only
382 studies remained. The abstracts were
then reviewed to determine their relevance
to the review question and objectives.
During this process, 258 studies were
excluded, leaving 124 studies that were
retrieved for full-text examination (Fig. 2).

Following the review of the full text, an
additional 38 studies were excluded as
they did not meet the inclusion criteria.
Eighty-six studies were subjected to criti-
cal appraisal resulting in 66 studies includ-
ed in the final analysis. The analysis
included other outcomes not discussed
in this paper; these will be presented in
subsequent publications.

Overall, for the primary mandibular
distraction outcome, 51 studies were in-
cluded (Table 3).10,25–74 The most com-
mon reason for exclusion was the potential
risk of overlapping patients. In some of
the studies with overlapping patients,
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Table 3. Studies included in the primary MDO analysis: overall analysis and subgroup analyses including reasons for exclusion for each analysis.

Article Study design Overall analysis Syndromic vs. non-syndromic Age-based

Al-Samkari 201025 RR Excluded – overlap73 Included Excluded – no age data
Andrews 201326 RR Included Excluded – inadequate distinction Included
Breugem 201227 RR Included Included Included
Brevi 200628 CR Excluded – overlap65 Excluded – overlap65 Excluded – overlap65

Burstein 200529 * RR Included Included Excluded – no age data
Carls 199830 RR Included Included Included
Chigurupati 200431 RR Included Included Included
Chowchuen 201132 RR Included Included Included
Dauria 200810 RR Included Included Included
Denny 200533 RR Included Included Included
Genecov 200934 RR Included Included Included
Gifford 200835 * RR Included Included Included
Gözü 201036 RR Included Included Excluded – no age data
Griffiths 201337 * CR Included Included Included
Hammoudeh 201238 * RR Included Included Included
Handler 200939 CR Included Included Included
Hong 201240 RR Included Included Included
Hong 201241 RR Included Included Included
Howlett 199942 CR Included Included Included
Izadi 200343 RR Excluded – overlap26 Included Excluded – overlap26

Judge 199944 CR Included Included Included
Kolstad 201145 RR Included Included Included
Lee 200946 RR Included Included Included
Lin 200647 * RR Included Included Included
Looby 200948 * RR Included Included Included
Mandell 200449 RR Included Included Included
Miller 200750 * RR Included Included Excluded – no age data
Miloro 201051 RR Included Excluded – inadequate distinction Excluded – no age data
Mitsukawa 200752 * RR Included Included Included
Monasterio 200253 * RR Excluded – overlap54 Excluded – overlap54 Excluded – no age data
Monasterio 200454 RR Included Included Included
Morovic 200055 PR Included Included Included
Mudd 201256 RR Included Excluded – inadequate distinction Included
Murage 201357 * RR Included Included Included
Olson 201158 RR Included Included Excluded – no age data
Papoff 201359 RR Included Included Included
Perlyn 200260 RR Included Included Included
Rachmiel 201261 RR Included Excluded – inadequate distinction Included
Sadakah 200962 * RR Included Included Included
Schaefer 200463 RR Included Included Included
Scott 201164 RR Excluded – overlap72 Included Included
Sesenna 201265 RR Included Included Included
Sidman 200166 PR Excluded – overlap72 Included Included
Smith 200667 RR Included Included Included
Sorin 200468 RR Included Included Included
Spring 200669 RR Excluded – overlap58 Excluded – overlap58 Included
Taub 201270 CR Included Included Included
Tibesar 200671 CR Included Included Included
Tibesar 201072 RR Included Excluded – inadequate distinction Excluded – no age data
Wittenborn 200473 RR Included Excluded – inadequate distinction Included
Zenha 201274 CR Included Included Included

44 included 42 included 41 included

MDO, mandibular distraction osteogenesis; RR, retrospective review; CR, case report; PR, prospective review.
* Studies that included polysomnography results pre- and post-MDO.
different outcomes were reported in the
different study reports. In these cases, all
studies were included and the specific
outcome data extracted from the individ-
ual studies. Within the subgroup analysis
comparing syndromic and non-syndromic
children, some studies were excluded
due to inadequate distinction of which
patients were syndromic and which had
isolated PRS. Similarly, for the age-based
subgroup analysis, studies were excluded
due to limited age-based data to be able to
make accurate comparisons.

Primary mandibular distraction

osteogenesis

The primary MDO analysis included
patients who underwent mandibular dis-
traction as the primary surgical intervention
after failing conservative therapy for upper
airway obstruction. All of these patients
had failed non-surgical therapy and were
being considered for a tracheostomy.
A successful outcome was defined as pre-
vention of a tracheostomy and the
relief of upper airway obstruction. There
were a variety of ways in which this out-
come was reported in these studies. Most
reported only subjective improvements in
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Table 4. Overall primary MDO results.

Outcome Total Success Failure Success rate (%)

Primary MDO 490 468 22 95.5%

MDO, mandibular distraction osteogenesis.
obstructive symptoms, including reduc-
tion in noisy breathing and in clinically
obvious apnoeic episodes. Other studies
reported objective improvements, such as
the ability to successfully extubate the
patient who was otherwise intubated be-
cause of inability to self-ventilate, or to
maintain normal oxygen saturation on
room air as measured by pulse oximetry.
Eleven studies included polysomnogra-
phy results pre- and post-MDO (marked
with an asterisk (*) in Table 3). Failure
was defined as requiring a tracheostomy
despite mandibular distraction due to per-
sistent airway obstruction.

This analysis was based on data obtained
from 44 papers involving 490 patients. The
mean age was 10.4 months (range 5 days to
8 years). Amongst these patients, 468 had a
successful outcome, while 22 required a
tracheostomy. This equates to an overall
success rate of 95.5% for mandibular dis-
traction preventing tracheostomy in the
studies included (Table 4). Amongst the
successful outcomes, two patients required
home oxygen in the short term,50,56 but
avoided any further surgical intervention
and were able to be discharged home. One
patient required nocturnal CPAP for 3 years
after distraction, but did not require any
further surgical intervention.45

For studies that included polysomnogra-
phy results, the mean obstructive apnoea/
hypopnoea index (OAHI) preoperatively
was 31.2 and postoperatively was 4.34
(Table 5).

Of the 22 patients with failed MDO, the
most common reason (15/22) was undiag-
nosed lower airway anomalies, including
laryngomalacia, tracheal stenosis, or sub-
glottic stenosis. Another reason for failure
was undiagnosed central apnoea (4/22).
Two failures were due to intraoperative
complications, including accidental dis-
lodgement of the endotracheal tube during
MDO requiring an emergency tracheosto-
Table 5. Comparison of polysomnography resu

Parameter
Number of

studies
Numbe

patien

OAHI 11 114

MDO, mandibular distraction osteogenesis; SD,
a Weighted mean and standard deviation; me

wood, NJ, USA).
my,26 and unfavourable mandibular
fracture during osteotomy.35 An addition-
al failure was due to the development of
unilateral TMJ ankylosis 3 years post-
operation, initially requiring tracheosto-
my; this was followed by repeat MDO,
which was successful and the patient was
subsequently decannulated.62

Subgroup analysis 1: syndromic vs. non-
syndromic (isolated) PRS analysis

This subgroup analysis was based on 42
papers (Table 3). The aim of this analysis
was to identify if the rate of success was
dependent on whether the patient had iso-
lated PRS or micrognathia associated with
a syndrome (syndromic micrognathia).
Among the syndromic micrognathia
patients, there was a wide variety of syn-
dromes. The most common were Stickler
syndrome, Nager syndrome, Goldenhar
syndrome, and Treacher Collins syndrome,
which is in keeping with previous studies.75

Other syndromes included Cornelia de
Lange syndrome, Gordon syndrome, oro-
faciodigital syndrome, chromosome 4q de-
letion, Catel Manzke syndrome, CHARGE
syndrome, Marshall–Stickler syndrome,
arthrogryposis, and Smith–Lemli–Opitz
syndrome. This wide variety of syndromes
has been reported in the literature, with an
estimated 40 syndromes associated with
PRS.76

The total number of patients included in
this analysis was 362. Amongst these
patients, 346 successfully avoided a trache-
ostomy, with an overall success rate of
95.6%, which is very similar to the result
of the overall analysis. Out of the 362
patients, 254 were isolated PRS cases and
108 were syndromic micrognathia cases.
Out of the 16 overall failures, 10 were
within the syndromic micrognathia group.
This gives an overall success rate of 97.6%
for the isolated PRS group and 90.7%
lts.

r of
ts

Pre-MDO
mean (SD)a

Post-MDO
mean (SD)a

 31.2 (29.4) 4.34 (2.65) 

 standard deviation; CI, confidence interval; OA
an difference calculated using Comprehensive M
for the syndromic micrognathia group
(Table 6). This difference was found to
be statistically significant (P = 0.007), im-
plying that the odds of failure are four times
greater when primary MDO to relieve air-
way obstruction is performed on syndromic
patients compared to isolated PRS patients.

Amongst the failures in the isolated
PRS group, three were due to previously
undiagnosed lower airway abnormalities.
Two were in patients with previously un-
diagnosed neurological conditions (cere-
bral palsy in one patient and hypotonia in
the second).57 The last failure was in a
patient who sustained an intraoperative
complication. Reasons for failure in the
syndromic micrognathia group were as
follows: four had unknown syndromes
with other multiple anomalies including
congenital cardiac abnormalities, three
patients had previously undiagnosed cen-
tral apnoea,45,49,50 while an additional
three patients had CHARGE syndrome
with pulmonary hypertension,57 velocar-
diofacial syndrome,59 and Beckwith–Wie-
demann syndrome.38

Subgroup analysis 2: age-based analysis

The aim of this analysis was to determine
whether the outcome of MDO treatment is
dependent on the age of the patient when
the MDO is performed. Accordingly three
age groups were selected: <6 months, �6
to <18 months, and �18 months of age at
the time of MDO. This analysis involved
41 studies including 408 patients. The
reason for exclusion was inadequate
details regarding the ages of the patients.
The majority of patients were within the
<6 months group, accounting for 377
patients; there were 12 patients in the
�6 to <18 months group and 19 in the
�18 months group. All 16 failures in this
analysis were within the <6 months group,
resulting in a success of 95.8%. There was
no significant difference in the success
rates of primary MDO between the differ-
ent age groups (Table 7).

A further analysis was then performed
within the first group, dividing the patients
into those aged <2 months at the time of
operation and those aged between 2 and 6
months at the time of operation. The success
Mean difference
(95% CI)a P-value

26.90 (10.67–43.11) 0.002

HI, obstructive apnoea/hypopnoea index.
eta-analysis version 2.2.064 (BioStat, Engle-
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Table 6. Results of the syndromic vs. isolated subgroup analysis with odds ratios. Results demonstrate a four times greater risk of failure of
primary MDO in syndromic children compared to isolated PRS children.

Variable Success (%) Failure (%) Total OR (95% CI) P-value

Primary MDO 468 (95.5) 22 (4.5) 490 – –
Syndromic analysis

Isolated Pierre Robin sequence 248 (97.6) 6 (2.4) 254 1
Syndromic micrognathia 98 (90.7) 10 (9.3) 108 4.28 (1.49–1192) 0.007

MDO, mandibular distraction osteogenesis; PRS, Pierre Robin sequence; OR, odds ratio; CI, confidence interval.
rates between these groups were almost
equal. The difference was not statistically
significant (P = 0.87) (Table 8).

Tracheostomy decannulation

This outcome was concerned with the
ability to remove a tracheostomy from
patients with PRS after undergoing man-
dibular distraction, who otherwise were
unable to be decannulated naturally. A
successful outcome was the removal of
the tracheostomy and ability to maintain
oxygen saturation on room air. A failed
outcome was defined as an inability to
decannulate despite mandibular distrac-
tion being successful. Similar to the anal-
ysis for primary MDO and due to the
variable follow-up data of the studies,
the outcomes could only be interpreted
as short-term (up to 1 year).

A total of 35 studies provided adequate
data to be included in this analysis.27,29–

32,34–36,45,47,49,51–53,55,58,60,63–69,72,77–86 Of
these 35 studies, 31 were included in the
overall analysis of this outcome (Table 9).
The four remaining papers were excluded
due to the likely overlap with other studies
from the same surgical units. For the
subgroup analyses, the reasons for exclu-
sion were overlap of patients, or inade-
quate distinction between syndromic and
non-syndromic patients, or lack of age-
based data.
Table 7. Results of the age-based subgroup analy
due to 0 failures in the 6–18 months and �18 m

Variable Success (%) 

Age (months)
<6 361 (95.8) 

�6 to <18 12 (100) 

�18 19 (100) 

Table 8. Results of further subgroup analysis com
2–6 months for primary MDO. Results demons

Variable Success (%) Failure (%) 

Age (months)
<2 169 (96.0) 7 (4.0) 

2–6 55 (96.5) 2 (3.5) 

MDO, mandibular distraction osteogenesis; OR
Overall tracheostomy decannulation
analysis

This analysis was based on 31 studies
involving 152 patients (Table 10). The
mean age of this group of patients was
30.4 months (range 6 months to 14 years).
Among these patients, 122 were decannu-
lated after mandibular distraction and 30
remained with a tracheostomy in situ. The
success rate of tracheostomy decannula-
tion after mandibular distraction in
patients with micrognathia was 80.3%.

A significant number of studies did not
report the reasons for some of their fail-
ures.34,68,72,80 However, when reported,
the reasons for failure were varied. The
most common reported reason for failure
was other airway abnormalities that had
not been repaired at the time of MDO.
These included tracheomalacia, vascular
rings, and choanal atresia.29,31 After MDO
and repair of these abnormalities, the
patients could be decannulated. Severe
gastro-oesophageal reflux disease
(GORD) was also a cause of failure after
MDO. A total of eight patients were
reported to have severe reflux as a poten-
tial cause of failure. In two cases, the
patients could be decannulated after a
Nissen fundoplication,29,68 and one study
reported that decannulation was awaiting
fundoplication at the time of publica-
tion.29 Five other patients with reported
sis. Odds ratio analysis could not be performed
onths age groups.

Failure (%) Total

16 (4.2) 377
0 12
0 19

paring those aged <2 months with those aged
trate no significant difference in success rate.

Total OR (95% CI) P-value

176 1
57 0.88 (0.18–4.35) 0.87

, odds ratio; CI, confidence interval.
severe reflux and chronic swallowing dys-
function were not able to be decannu-
lated.32,49 In one of these studies,
hesitancy on the part of the treating team
to attempt decannulation was mentioned as
a contributing cause of failure.49 Five fail-
ures were secondary to tracheostomy com-
plications. These included suprastomal
granulation tissue, tracheostomy-associat-
ed tracheomalacia, and tracheostomy sto-
ma healing problems that required excision
or repair prior to decannulation. Only one
patient was reported to have failure of
decannulation for TMJ ankylosis as a com-
plication of MDO with persistent airway
obstruction.

There were 20 cases of failed decannu-
lation post MDO who underwent a second
MDO procedure. Among these 20 cases,
14 also failed decannulation after the sec-
ond MDO; hence the success rate of the
second MDO at facilitating decannulation
was only 30%.

The mean time to decannulation was
also calculated from these studies and
was 28.5 months. It is important to note
that a significant number of these patients
had other surgical procedures performed
during their childhood to reduce the upper
airway obstruction. Although poorly
reported in the majority of studies, there
were more reported surgical interventions
in the patients who had had a tracheostomy
placed at infancy compared to those who
had only had primary mandibular distrac-
tion. The operations included tonsillecto-
my and adenoidectomy, uvuloplasties, and
suprastomal granuloma excisions.

When comparing the success rate of
MDO to prevent tracheostomy with
MDO to facilitate tracheostomy decannu-
lation, the difference in success rate was
found to be statistically significant. There
was a five times higher odds of failure
(odds ratio 5.23) of MDO when used to
facilitate tracheostomy decannulation
compared to primary MDO (Table 10).

Subgroup analysis 1: syndromic vs. non-
syndromic PRS

This subgroup analysis was based on 28
papers including 86 patients (Table 9).
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Table 9. Studies included in the tracheostomy decannulation analysis: overall analysis and subgroup analyses including reasons for exclusion.

Article Study design Overall analysis Syndromic vs. non-syndromic Age-based

Ali Bukhari 201178 CR Included Included Included
Ali Bukhari 201277 RR Included Included Included
Anderson 200479 CR Included Included Included
Breugem 201227 RR Included Included Included
Burstein 200529 RR Included Included Excluded – no age data
Carls 199830 RR Included Included Included
Chigurupati 200431 RR Included Included Included
Chowchuen 201132 RR Included Included Included
Demke 200880 RR Included Included Excluded – no age data
Genecov 200934 RR Included Excluded – inadequate distinction Excluded – no age data
Gifford 200835 RR Included Included Included
Gözü 201036 RR Included Included Included
Hollier 199981 RR Included Excluded – inadequate distinction Included
Horta 200982 CR Included Included Included
Iatrou 201083 CR Included Included Included
Kolstad 201145 RR Included Included Included
Lin 200647 RR Included Included Included
Mandell 200449 RR Included Excluded – inadequate distinction Included
Miloro 201051 RR Included Excluded – inadequate distinction Excluded – no age data
Mitsukawa 200752 RR Included Included Included
Monasterio 200253 RR Included Included Excluded – no age data
Morovic 200055 PR Included Included Included
Olson 201158 RR Excluded – overlap67 Excluded – inadequate distinction Excluded – no age data
Perlyn 200260 RR Included Included Included
Rachmiel 201284 RR Included Included Included
Schaefer 200463 RR Included Included Included
Scott 201164 RR Excluded – overlap72 Included Excluded – no age data
Sesenna 201265 RR Included Included Included
Sidman 200166 PR Excluded – overlap72 Included Included
Smith 200667 RR Included Included Included
Sorin 200468 RR Included Included Included
Spring 200669 RR Included Included Excluded – no age data
Steinbacher 200585 RR Included Included Included
Tibesar 201072 RR Included Excluded – inadequate distinction Excluded – no age data
Williams 199986 RR Excluded – overlap68 Excluded – inadequate distinction Excluded – no age data

31 included 28 included 25 included

CR, case report; RR, retrospective review; PR, prospective review.
The most common reason for exclusion
was the lack of distinction between syn-
dromic and non-syndromic patients in
these papers. The aim of this subgroup
analysis was to determine whether having
PRS as part of a syndrome affects the rate
of success of decannulating tracheosto-
mized patients.

The majority of these patients were
syndromic (55/86). Amongst the 31 iso-
lated PRS patients, 26 were successfully
decannulated, with a success rate of
83.9%. Amongst the 55 syndromic micro-
gnathia patients, 44 were successfully
decannulated, with a success rate of
80% (Table 11). The overall success rate
in this subgroup analysis was 81.4%. The
failures in the isolated PRS group were
Table 10. Results comparing the overall succes

Variable Success

Primary MDO 468 (9
Tracheostomy decannulation 122 (8

MDO, mandibular distraction osteogenesis; OR
secondary to previously undiagnosed se-
vere GORD (two cases)29,32 and swallow-
ing dysfunction and aspiration (one
case)32; the last two cases did not have
an adequate explanation of the reason for
failed decannulation.65 Similarly, the fail-
ures in the syndromic micrognathia group
were secondary to severe GORD awaiting
fundoplication (two cases),29 choanal atre-
sia awaiting repair (one case),31 and TMJ
ankylosis post-MDO (one case)35; the oth-
er studies did not provide an adequate
explanation for the failure. The failures
occurred in a range of syndromes with no
obvious link between a specific syndrome
and failure except for arthrogryposis. In
the overall tracheostomy-dependent anal-
ysis, there were only three patients with
s rate of primary MDO with tracheostomy decan

 (%) Failure (%) Total 

5.5) 22 (4.5) 490 

0.3) 30 (19.7) 152 

, odds ratio; CI, confidence interval.
arthrogryposis who underwent MDO to
facilitate decannulation, but all of these
patients remained tracheostomy-depen-
dent despite MDO.49,64

Subgroup analysis 2: age-based analysis

This age-based subgroup analysis was
based on 25 studies including 81 patients
(Table 9). The aim of this analysis was to
identify whether the age at which MDO is
performed affects the success of decannu-
lation. The age-based analysis was divided
into three groups based on age at the time
of MDO treatment: <12 months of age,
�12 to <24 months of age, and �24
months of age. The overall success rate
was 75.3%. Most of the patients in this
nulation.

OR (95% CI) P-value

1 –
5.23 (2.91–9.39) <0.0001
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Table 11. Results of syndromic vs. non-syndromic subgroup analysis for tracheostomy decannulation outcome.

Variable Success (%) Failure (%) Total OR (95% CI) P-value

Tracheostomy decannulation
Isolated Pierre Robin sequence 26 (83.9) 5 (16.1) 31 1 –
Syndromic micrognathia 44 (80.0) 11 (20.0) 55 1.30 (0.41–4.16) 0.66

OR, odds ratio; CI, confidence interval.

Table 12. Results of age-based subgroup analysis of tracheostomy decannulation outcome.

Variable Success (%) Failure (%) Total OR (95% CI) P-value

Tracheostomy decannulation
Age <24 months 20 (87.0) 3 (13.0) 23 1 –
Age �24 months 41 (70.7) 17 (29.3) 58 2.76 (0.72–10.54) 0.137

OR, odds ratio; CI, confidence interval.
analysis were older than 24 months at the
time of MDO treatment. The majority of
patients had had the tracheostomy placed
at less than 3 months of age.

Twelve patients were within the <12
months age group. Amongst these, there
were three failures. One was decannulated
but needed to be re-cannulated because of
previously undiagnosed swallowing dys-
function and aspiration.32 The second pa-
tient had choanal atresia and was awaiting
repair.31 The third patient was a syndromic
patient who developed TMJ ankylosis and
recurrence of airway obstruction.35 There
were no failures in the 12–24 months age
group.

There were a total of 58 patients in the
�24 months age group, with 17 failures in
this group (Table 12). A significant num-
ber of these patients needed additional
procedures. These children needed more
suprastomal granulation tissue removal
and repair of tracheostomy-related com-
plications, such as tracheomalacia, before
decannulation. Although not statistically
significant, the odds of failure of MDO at
facilitating decannulation was found to be
more than 2.5 times greater if MDO was
performed at an age of �24 months com-
pared to <24 months.

Long-term outcomes

The long-term outcomes of MDO in chil-
dren with airway obstruction were evalu-
ated. A total of six studies were included
for the analysis of long-term data. Three of
these studies included intermediate-term
Table 13. Summary of airway recurrences in th

Study Recu

Sadakah et al., 200962 1
Lee and Kim, 200946 0
Lin et al., 200647 1
Tibesar et al., 201072 5
Anderson et al., 200479 1
data (up to 5 years),46,47,62 and the remain-
ing three included longer term
results.72,79,87 The observations from these
will be presented in narrative form in the
discussion. The incidence of airway recur-
rences is given in Table 13.

Discussion

This systematic review was designed to
evaluate the effectiveness of MDO in
children with airway obstruction second-
ary to micrognathia/retrognathia. This pa-
per discusses the airway outcomes of this
systematic review.

Overall, MDO was found to be very
successful at preventing tracheostomy in
children with micrognathia who have failed
conservative treatment. Success in prevent-
ing tracheostomy was achieved in 95.5% of
neonates and infants. These results are
consistent with the results of a previous
systematic review performed in 2008,
which reported a success rate of 91.3%.23

This was supported by statistically signifi-
cant improvements in the OAHI. The most
common reason for failure of MDO to
relieve the airway obstruction was undiag-
nosed airway obstruction at other levels,
such as tracheomalacia, laryngomalacia, or
undiagnosed central apnoea.

The success rate was found to be higher
in isolated PRS patients than in those with
syndromic micrognathia. This finding is
consistent with other reports in the litera-
ture.88,89 The patients with isolated PRS
who failed had lower airway abnormalities,
and those with syndromic micrognathia
e long-term studies.

rrence Follow-up (years)

/7 3
/3 5.4
/5 4
/32 3–16 (average 7.6)
/1 17
who failed tended to have multi-system
congenital anomalies that did not corre-
spond with a particular syndrome. Some
studies call these unique PRS, but in this
study they were included under the classi-
fication of syndromic. Undiagnosed central
apnoea was a common cause of failure in
both groups.

All children being considered for MDO
should have a thorough airway assessment
with nasoendoscopy and polysomnography
studies to confirm that the apnoea is a
primary obstructive apnoea, and to exclude
lower airway abnormalities. Lower airway
abnormalities and central apnoea are con-
traindications for early MDO. Lower air-
way abnormalities will need to be assessed
and managed before MDO. Children with
multisystem anomalies have a higher risk
of failure of MDO, and these children
should be evaluated thoroughly and other
anomalies repaired before MDO. A trache-
ostomy can be considered initially until
other anomalies have been treated.

Some authors have reported the pres-
ence of GORD as a relative contraindica-
tion for MDO.43,57,88 The present findings
did not demonstrate the presence of
GORD to be a cause of failure in the
primary MDO patients.

Although MDO is very effective at
relieving airway distress secondary to
micrognathia, the optimum age for sur-
gery is yet to be determined. When com-
paring the results of those younger than 2
months, 2–6 months, 6–18 months, and
�18 months of age at the time of MDO,
there was no significant difference in fail-
ure rate. These findings are consistent with
those of other studies in the literature.45,90

The initial concerns about the size of the
neonatal mandible and lack of adequate
mineralization may not be valid, and early
surgical intervention seems to be com-
mon, and appears to be safe and well
tolerated by patients.91

A significant number of patients had
already undergone tracheostomy because
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of severe apnoea. This outcome evaluated
the effectiveness of MDO in facilitating
decannulation of these children. All the
children included were deemed unfit for
decannulation by ‘natural’ means (i.e.,
without surgical intervention). This re-
view found that one in five patients were
unable to be decannulated after mandibu-
lar distraction. This lower success rate
compared to primary MDO is consistent
with other authors’ observations in the
literature.23,49,92 The success rate was also
not significantly different when compar-
ing isolated and syndromic micrognathia
patients.

Where the cause of failure was reported,
the most common reasons were the pres-
ence of previously undiagnosed other air-
way abnormalities, severe GORD, chronic
swallowing dysfunction, and tracheosto-
my-related complications. Those patients
with severe GORD could often be decan-
nulated after Nissen fundoplication. Ap-
proximately 20% of failures were
secondary to tracheostomy-related com-
plications including suprastomal granula-
tion tissue or tracheostomy-associated
tracheomalacia.

It is also important to note that a signif-
icant number of these patients had other
surgical procedures during their childhood
in an attempt to relieve the upper airway
obstruction. Although poorly reported in
the majority of studies, there were more
reported upper airway surgical interven-
tions in the patients who had had a trache-
ostomy placed at infancy compared to
those who had only had primary mandib-
ular distraction. A significant number of
these operations were upper airway pro-
cedures that included tonsillectomy and
adenoidectomy, uvuloplasties, and choa-
nal atresia repair to relieve the airway
obstruction.68,69,85 These patients still
needed to have MDO to appropriately
relieve the obstruction adequately for
decannulation. These children also under-
went operations to treat the complications
of tracheostomy such as suprastomal gran-
ulation tissue excision, tracheostomy-re-
lated tracheomalacia, and closure of
tracheostomy stomas.63,68,81,82

No specific syndrome was associated
with a higher risk of failure except arthro-
gryposis. There were no cases of arthro-
gryposis in the primary MDO group
studies. However, the three patients with
arthrogryposis all failed decannulation af-
ter MDO. Arthrogryposis, also known as
arthrogryposis multiplex congenita, is a
syndrome characterized by multiple joint
contractures in the body.93 There are sev-
eral subtypes of the disease, some of
which have micrognathia and other Pierre
Robin-like features, and supraglottic nar-
rowing similar to laryngomalacia.93 Often
these features are seen in the neurogenic
subtype, and so there is also muscular
hypotonia contributing to upper airway
obstruction. There were some patients
with neurological abnormalities who un-
derwent MDO as the primary operation.
Although the MDO operation was suc-
cessful, they still required a tracheosto-
my.50,56,57 It is difficult to draw any
conclusions on the benefits of MDO in
patients with neurological abnormalities
from a limited number of patients. Other
studies have also reported on the higher
risk of failure in children with concomi-
tant neurological abnormalities.13,64,94,95

Nevertheless, children with neurological
abnormalities in the context of glossopto-
sis and micrognathia are likely to have
upper airway obstruction that is multifac-
torial in nature. The neurological compo-
nent of their obstruction may not be
adequately addressed by MDO alone. Al-
so, the tracheostomy may serve another
purpose in these patients such as facilitat-
ing pulmonary hygiene. So even though
MDO may improve breathing by relieving
the upper airway obstruction, the trache-
ostomy may be kept in place for other
reasons.64 These patients, like other
patients with multifactorial airway ob-
struction, need to be assessed carefully
prior to any surgical intervention being
offered.

When evaluating the success rate of
MDO in facilitating decannulation, the
highest rate of success was in the group
aged <24 months at the time of surgery. It
is hypothesized that this is due to the fact
that those children who have a tracheos-
tomy for a longer period of time are likely
to have a greater incidence of tracheosto-
my-related complications.96 These com-
plications, such as granulation tissue
formation, tracheal stenosis, and tracheo-
malacia, are not resolved by MDO. Prior
to MDO, a thorough evaluation of the
airway with a panendoscopy/nasoendos-
copy should be performed and the treat-
ment of any tracheostomy-related
complication should be completed before
surgery.

Mandell et al. reported that to achieve
the best results in tracheostomized patients
with micrognathia and complex airways,
adjunctive procedures are often needed.49

They recommended that the selection cri-
teria for MDO in this group of patients
should be limited to patients without a
history of severe GORD, chronic swallow-
ing dysfunction, hypotonia, or pre-exist-
ing TMJ ankylosis. The results of this
current study are in agreement that these
factors are associated with a higher risk of
failure of MDO in this group of patients.

Although there is a paucity of long-term
studies available, the current literature
provides some clinically relevant informa-
tion to consider. Overall the studies in-
cluded in this review showed relatively
stable results for the relief of airway ob-
struction in the intermediate term, with
minimal relapse of the airway obstruction.
Relapse was observed secondary to the
late development of TMJ ankylosis, 62

or failure of mandibular growth. The inci-
dence of recurrence in these studies is
summarized in Table 13. Stelnicki et al.
reported that children with syndromic
micrognathia tended to have relapse of
the shape of the mandible to the pre-mor-
bid shape.87 A potential genetic predispo-
sition for this relapse after MDO was
suggested. This finding concurs with that
of Gürsoy et al., who reported excellent
short-term structural changes in syndro-
mic children after MDO.97 However dur-
ing a 5-year follow-up period, there was
persistent impaired mandibular growth
and hence recurrence of deformity.
Whether this affects airway outcomes
was not reported, but this indicates that
these children are likely to have a persis-
tent deformity requiring further surgical
intervention in the future. Both studies,
however, still considered MDO at a young
age as an indicator for severe airway
obstruction, but not for facial aesthetics.

Anderson et al. reported the results of a
child who underwent MDO to facilitate
decannulation.79 This child developed re-
currence of obstructive apnoea 18 months
after MDO that was successfully managed
with CPAP without the need for further
surgery until adolescence. Skeletal surgery
is not necessary for all patients with persis-
tent retrognathia after MDO, as this may
not correspond with recurrent airway
symptoms. These patients should be con-
sidered similar to patients with a class II
skeletal profile and managed accordingly.
Condylar changes and ankylosis after
MDO have also been reported, and can
lead to recurrence of airway symptoms.
Sadakah et al. reported that three out of
seven patients had condylar changes after
MDO over time and one patient developed
ankylosis at 3 years postoperatively with
recurrence of airway distress.62 Andrews
et al. also reported cases of TMJ ankylosis
after MDO in mainly syndromic patients.26

These complications may be prevented by
techniques to unload the condyles; such a
technique was introduced by Guerrero in
1999, and was used during the distraction
and consolidation phases of treatment.98

Using class II intermaxillary elastics



MDO for the management of upper airway obstruction 779
alleviated strain on the TMJ and reduced
postoperative condylar changes. These
unloading regimens have been found to
reduce the incidence of TMJ ankylosis after
MDO.99,100

These studies should highlight the im-
portance of carefully following up these
patients through their childhood until ad-
olescence. The persistence of retrognathia
or relapse can lead to recurrence of airway
obstruction. These children should be
assessed clinically and should undergo
polysomnography analysis if there is a
suspicion of relapse of airway symptoms.
TMJ ankylosis should always be consid-
ered as a possible long-term complication
of MDO and it may lead to recurrence of
airway obstruction.

It is imperative to mention here that
where possible, conservative treatment
should always be trialled first before sur-
gical intervention is considered. When
considering MDO in any infant or child,
the risk versus benefit of surgery must
always be considered. It is important to
remind the reader that as with all surgical
interventions, there is the potential for
long-term morbidity associated with
MDO. In a recent systematic review by
Verlinden et al., MDO was associated with
long-term complications such as facial
scarring, facial nerve palsy, neurosensory
disturbances of the inferior alveolar nerve,
occlusal abnormalities such as an anterior
open bite, and dental damage.101 The den-
tal damage ranges from dilacerations and
hindered tooth development, to failure to
erupt.102 Dentigerous cysts forming in the
distracted segment from stretching of the
tooth follicle have also been reported.81

Although these are uncommon, further
studies are needed to determine the ideal
osteotomy technique, ideal type of distrac-
tor, and the best treatment protocol for
different age groups (latency period, dis-
traction rate, consolidation time). Longer-
term studies are needed to determine the
overall incidence of these complications
and the consequences of them.

Systematic reviews by nature are retro-
spective and observational. They are
heavily reliant on the data reporting of
others, and hence are at risk of replicating
biased results. When comparing random-
ized controlled trials, it is easier to com-
pare inclusion and exclusion criteria and
to identify ways in which bias is avoided,
but when comparing clinical case series
and case reports, it is difficult to identify
and avoid biased reporting. Authors like to
report positive results, and hence system-
atic reviews on case series are prone to
providing conclusions and clinical advice
based on this reporting.
Often the studies included had incom-
plete data, making their specific inclusion
for each individual analysis more complex.
Where data needed for the study were
incomplete, attempts were made to contact
the corresponding authors; however, con-
firmatory details were not available at the
time of writing. Where the particular out-
comes and results were unclear in those
situations, the data were excluded.

For the purposes of statistical analysis,
all studies were treated as case reports.
This allowed the odds ratio to be calculat-
ed by univariate analysis. Ideally, a mul-
tivariate analysis would be performed to
help determine a weighting to what char-
acteristics have the most influence on the
outcome.

A wide variety of syndromes were asso-
ciated with the micrognathia, glossoptosis,
and upper airway obstruction in the studies
included in this systematic review. These
syndromes are a very heterogeneous group
of syndromes with varying spectrums of
severity and additional co-morbidities.
Hence, there is always an inherent difficulty
in trying to group them into a single group –
syndromic micrognathia. Even isolated
PRS has a wide variety of phenotypes
and sometimes additional co-morbidities
that do not fit within the characteristics of
any known syndrome. Hence, the syndro-
mic analysis needs to be interpreted with
caution, and each patient needs to be treated
as an individual. The findings of this review
provide a guide to what factors are associ-
ated with a higher chance of failure and
which overall groups of patients are at risk
of further problems.

In conclusion, MDO is a successful tech-
nique in alleviating upper airway obstruc-
tion secondary to micrognathia and has a
success rate of approximately 95% in pre-
venting tracheostomy. The most common
causes of failure of MDO were found to be
undiagnosed lower airway obstruction,
central apnoea, and additional cardiovascu-
lar co-morbidities. All children being con-
sidered for MDO should have a thorough
airway assessment with nasoendoscopy
and polysomnography studies to confirm
that the apnoea is a primary obstructive
apnoea, and to exclude lower airway ab-
normalities. Syndromic patients should be
investigated more carefully as they have a
four times greater chance of failure com-
pared to isolated PRS patients. The success
rate of primary MDO is not influenced by
age at the time of surgery. This study did not
find the presence of GORD to be a contra-
indication to primary MDO for children
with micrognathia. Patients with neurolog-
ical abnormalities are more likely to still
require a tracheostomy despite successful
MDO, as the airway obstruction is likely to
be multifactorial.

Children who are tracheostomy-depen-
dent secondary to upper airway obstruction
from micrognathia can be successfully
decannulated after MDO in approximately
81% of cases. The success rate was found to
be slightly higher for isolated PRS patients
compared to syndromic micrognathia
patients, although the difference was not
statistically significant. The most common-
ly reported reasons for failure included
previously undiagnosed additional airway
abnormalities, GORD, chronic swallowing
dysfunction, and tracheostomy-related
complications. Children who have severe
gastro-oesophageal reflux on pH monitor-
ing should be referred for consideration of
treatment of the reflux prior to MDO. Chil-
dren with neurological complications are
also at higher risk of failure of MDO to
facilitate decannulation.

The success rate of MDO at facilitating
decannulation was higher when performed
before the age of 24 months. This is likely
due to the tracheostomy-related complica-
tions that develop from long-term
cannulation. The failures at an age of less
than 24 months were due to untreated
additional abnormalities and were all in
syndromic patients. Hence caution should
to be taken in decannulating syndromic
patients and a thorough airway assessment
is needed before MDO and decannulation
is attempted to determine the presence of
additional lower airway abnormalities or
tracheostomy-related complications.

There are few studies evaluating the
long-term outcomes of MDO. More stud-
ies are needed to evaluate the long-term
facial changes after MDO and the long-
term occlusal and dental complications
following MDO.
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