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CASE REPORT

The role of curvilinear distraction system in pediatric obstructive sleep apnea:  
A case report

David Serrano Faustino Ângelo MDa  , Bruno Rosa MDb  , Rogério Santos MDb and  
Carlos Diogo Matos MDa

aStomatology department, Centro hospitalar de Setúbal, Setúbal, portugal; bplastic Surgery department, Centro hospitalar lisboa Norte, lisboa, 
portugal

ABSTRACT
Objective: The authors present a case of obstructive sleep apnea associated with severe mandibular 
micrognathia treated by mandibular bone distraction with curvilinear system planned under 
computer assistance.
Clinical Presentation: A 15-year-old child with limited compliance to continuous positive airway 
therapy was referred to the authors’ department. Observation revealed severe mandibular 
micrognathia as the major cause for obstructive sleep apnea syndrome. The first polysomnography 
study revealed 14 obstructive apneas, 16 obstructive hypopneas, and 4.6/h apnea-hypopnea index.
Conclusion: Mandibular distraction osteogenesis can be a successful technique in alleviating upper 
airway obstruction secondary to micrognathia, while also improving the patient’s appearance. 
Surgical planning under computer assistance is a useful tool to predict bone movements, and 
curvilinear distraction could be considered valuable in mandibular distraction.

Introduction

Obstructive sleep apnea syndrome (OSAS) in children 
is defined as a disorder of breathing during sleep, 
characterized by prolonged partial upper airway 
obstruction and/or intermittent complete obstruction 
(obstructive apnea) that disrupts ventilation during 
sleep and fragments sleep patterns [1]. Of the general 
pediatric population, 1.2–5.7% exhibits OSAS [2,3]. 
Adenotonsillar  hypertrophy  is the most common 
etiology of OSAS in children. Other causes are obesity, 
facial or skeletal malformations, and neuromuscular, 
respiratory, or metabolic diseases [4]. Children born 
with congenital craniofacial abnormalities such as 
Pierre Robin sequence or Treacher Collins syndrome 
are faced with complex airway management issues. They 
often exhibit mandibular micrognathia and glossoptosis, 
resulting in airway obstruction. The sequelae of OSAS 
include neuropsychological and cognitive impairment, 
systemic and pulmonary hypertension, and endothelial 
dysfunction [5–7]. Continuous positive airway pressure 
(CPAP) remains a non-surgical treatment alternative 

for pediatric OSAS; however, limited compliance to 
this mode of therapy remains a realistic limitation in 
children [8,9]. Mandibular distraction osteogenesis 
(MDO) has shown to improve upper airway obstruction 
and other functional outcomes in selected patients 
with craniofacial abnormalities [10–13]. The authors 
present a case of obstructive sleep apnea associated with 
severe mandibular micrognathia treated by mandibular 
bone distraction planned with computer assistance.

Case report

A 15-year-old child was referred to the author’s depart-
ment for consultation after limited compliance to CPAP 
therapy and general cognitive complaints. General facial 
observation revealed a severe mandibular micrognathia as 
a major cause for OSAS (Figure 1(C)). Polysomnography 
revealed 14 obstructive apneas, 16 obstructive hypopneas 
and 4.6/h apnea-hypopnea index (Table 1). The cepha-
lometric tracing (Figure 1(A)) confirmed mandibular 
micrognathia and a small upper airway (Table 2). To plan 
the mandibular advancement, a three-dimensional (3D) 
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computerized tomographic (CT) was performed, and 3D 
virtual planning was executed (Figure 2). Permission was 
obtained from the patient’s parents.

Figure 1. (A) preoperative cephalometric study using mcNamara tracing. (b) postoperative cephalometric study using mcNamara tracing. 
(C) preoperative lateral view; (d) postoperative lateral view. (Source: Author)

Table 1. Results from polysomnography recordings.

Notes: TST: total sleep time; Sl: sleep latency; AhI: apnea-hypopnea índex; Rem: 
rapid eye movement; OdI: oxygen desaturation índex; SaO2sleep < 90%: 
significantly lower oxygen saturation during the night; OA: obstructive 
apnea; Oh: obstructive hypopnea.

Variables Preoperative Postoperative
TST (minutes) 394 474
Sl (minutes) 5 5
Awakenings (number) 54 22
OA (number) 14 0
Oh (number) 16 0
Stage 1–2 (%) 43.8 73
Stage 3 (%) 36 9.8
Rem (%) 20.2 17.2
AhI 4.6/h 0/h
OdI 4.3/h 0.3/h
SaO2sleep < 90% 0% 0%

Table 2. Results from cephalometric study – mcNamara evalua-
tion.

Variables Preoperative Postoperative
Na to A point −11.2° −3.9°
Nasolabial angle 105.5° 112.9°
Condylion to A point 126.3° 152.7°
mandibular plane angle 37.1° 33.2°
mcNamara facial axis 106.3° 95.9°
lower pharynx 14.0 33.0
upper pharynx 13.4 33.8
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Management and outcome

The surgical team planned to use an internal Curvilinear 
Distraction System from DePuySynthes® (DePuy Sythes 
CMF, West Chester, PA, US) to use two planes simultane-
ously: horizontal and vertical (Figure 2(E), (F)). Synthes 

ProPlan CMF® (computer-aided surgical planning service) 
was used to plan this case. In phase 1, the approximate site 
of the osteotomy (Figure 2(A), (B)) was marked. Then the 
distal segment of the mandible was moved to the desired 
post-distraction position (Figure 2(C)–(D)).

Figure 2. (A) Initial position of jaw, osteotomy design and distractor planning – right lateral view. (b) Initial position of jaw, osteotomy 
design and distractor planning – left lateral view. (C) Surgical movement with the mandible on the required post-distraction position 
with the distractor, corresponding to 27 mm activation bilaterally, with 22° angulation – right lateral view. (d) Surgical movement with 
the mandible on the required post-distraction position with the distractor, corresponding to 27  mm activation bilaterally, with 22° 
angulation – left lateral view. (e) Oblique angle of movement, orange line corresponding to preoperative vector and the yellow line to 
the postoperative vector, corresponding to 8° of variation between preoperative and post-operative. (f) horizontal angle of movement, 
orange line corresponding to preoperative vector and the yellow line to the postoperative vector, corresponding to 15.3° of variation 
between preoperative and postoperative.
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Numerous surgical options have been described for the 
management of pediatric OSAS, secondary to hypoplastic 
mandible. MDO is currently an accepted method of treat-
ment for patients requiring reconstruction of hypoplas-
tic mandibles [15]. 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 [15]. Although MDO is very effective at 
relieving airway distress secondary to micrognathia, the 
optimum age for surgery is yet to be determined. When 
comparing 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 [16]. Unfortunately, this patient was referred for 
consultation at 15 years of age, and the authors believe that 
surgical intervention should have been performed ear-
lier. Surgical complications such as facial scarring, facial 
nerve palsy, neurosensory disturbances of the inferior 
alveolar nerve, occlusal abnormalities such as an ante-
rior open bite, and dental damage can occur from MDO 
[17]. Planning surgical intervention with 3D software 
has several advantages and can reduce surgical compli-
cations. 3D CT allows precise and spatial orientation of 
the deformed bone, which can be measured and evaluated 
in all dimensions. This allows precise surgical planning. 
This surgical instrument with the Curvilinear Distraction 
System from DePuySynthes® could be considered valuable 
in mandibular distraction, taking into consideration the 
use of reproducible landmarks and regions for the oste-
otomies on each side of the mandible and the possible 
identification of bony/dental interferences along the path 
of movement.

Conclusion

In conclusion, MDO can be a successful technique in alle-
viating upper airway obstruction secondary to microg-
nathia, while also improving the patient’s appearance. 
Surgical planning under computer assistance seems to be 
a useful tool to predict bone movements, and curvilinear 
distraction could be considered valuable in mandibular 
distraction.

Disclaimer statements
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Ângelo DF and Rosa B participated in surgical planning. 
Ângelo DF and Santos R participated in surgical inter-
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the paper, prepared figures and/or tables, reviewed drafts 
of the paper.

The authors used an intraoral surgical approach to per-
form the osteotomy and to fit the distractor as planned. 
The distractor was fitted to the mandible correctly. Then, 
a percutaneous activation port was created in the soft 
tissue through which the extension arm exited. Before 
performing the osteotomy, the position of the distractor 
was marked by drilling and inserting the screws through 
each footplate. Then, the distractor was unscrewed and 
removed to perform the corticotomy on the buccal side 
of the mandible, extending into the superior and infe-
rior borders. This allowed stability of the bone segments 
during reattachment of the distractor. The distractor was 
reattached by aligning the footplates with the holes made 
previously, and the osteotomy was completed on the lin-
gual aspect of the mandible, using an osteotome. At the 
end, the activation instrument was used to engage the 
activation hex of the extension arm. It was rotated coun-
ter clockwise, in the direction marked on the instrument 
handle to confirm device stability and verify movement 
of the mandible, and the distractor returned to its original 
position. The patient began active distraction five days 
after surgery, 1.0  mm per day (half turn twice a day), 
to prevent premature consolidation. After 27  days, she 
started the consolidation period for 10  weeks. In this 
phase, extension arms were removed. After that period, 
the surgical team removed the distractor using an extra-
oral approach. This approach was not planned, but the 
team was not able to remove the distractor intraorally. 
The postoperative polysomnography presented with zero 
apnea and zero apnea-hypopnea index (Table 1). The final 
result (Figure 1(D)) was satisfactory.

Discussion

Micrognathia is usually a congenital condition char-
acterized by a small and retrusive mandible and has 
a direct impact on the surrounding soft tissues of the 
upper airway, restricting airflow. This situation tends 
to occur with posterior tongue displacement (glossop-
tosis), which can lead to physical obstruction of the 
oropharyngeal and hypopharyngeal airways during 
inspiration and can result in apnea/hypopnea [14]. This 
condition, characterized by apneic and/or hypopneic 
episodes during sleep, can be accompanied by severe 
secondary problems. It is important to mention that 
where possible, conservative treatment should always 
be tried first before surgical intervention is considered. 
However, the esthetic improvement and self-image can 
be very important, especially for females at 15 years of 
age.  Considering the esthetic improvement, surgical 
option has great value.

When considering MDO in any infant or child, the 
risks vs. benefits of surgery must always be considered. 
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