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Craniovertebral junction reducible and irreducible compressive
pathologies: free hands or free tools? Light and shadows
in paediatric practice
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In this paper titled Atlantoaxial instability treated with free-
hand C1–2 fusion in a 3-year old boy withMorquio syndrome,
the authors, Eun Ji Moon, MD, Sang Joon Chong, MD, PhD
and Jin Hoon Park, MD, PhD describe the case of a just 3-year
Morquio old boy presenting with a 5-month history of pro-
gressive quadriparesis and severe neck pain [1]. The preoper-
ative cervical imaging showed a compressive myelopathy at
C1–2 and atlantoaxial subluxation. Atlantoaxial fixation and
decompression were performed successfully with posterior
C1–2 fusion using a free-hand technique. After the operation,
the patient had improved neck pain and quadriparesis, and
finally, he had been able to walk independently after postop-
erative 8 months. The authors conclude that this is the first
report dealing with a paediatric Morquio patient treated just
with C1–2 screwing and fusion with a free-hand technique.
As far as I realize, the most important topic of this paper is the
biochemical considerations on Morquio syndrome, the
odontoid malformations, the surgical options and the intraop-
erative assistance.

Biochemical considerations

In this special case, the clinical issue is carried by Morquio
syndrome, also known as Mucopolysaccharidosis type IV
(MPS IV); as well known, this is a rare metabolic disorder
in which the body cannot process certain types of sugar mol-
ecules called glycosaminoglycans (AKAGAGs or mucopoly-
saccharides). In Morquio patients, the specific GAG which
builds up in the body is called keratan sulfate. This birth

defect, which is autosomal recessive, is a type of lysosomal
storage disorder. The build-up of GAGs in different parts of
the body, along with developmental anomalies, causes symp-
toms in many different organ systems. In the USA, the inci-
dence rate for Morquio is estimated at between 1 in 200,000
and 1 in 300,000 live births [2, 3].

Odontoid malformations

Awhole body skeletal survey in Morquio syndrome generally
shows skeletal dysplasia with hypoplasia, thoracolumbar ky-
phosis and dysmorphic, flattened vertebral bodies with short
stature, odontoid hypoplasia and atlanto-axial instability are
pathognomonic features of Morquio syndrome. Historically,
atlantoaxial instability with skeletal dysplasia has been treated
by occipitocervical fusion with external orthosis [2, 3].
Considering these patients’ bone size, quality and age in these
genetic disorders of skeletal dysplasia, C1–2 fusion is hard to
establish stability. For sure, the experience of the Korean neu-
rosurgeons is innovative and represents a new paradigm in this
surgery.

In Morquio syndrome os odontoideum, not always ossi-
fied, is present in every case and the ring of atlas tends to be
narrowed and thickened. Although C1–C2 instability is mild,
severe spinal cord compression can occur because of both
anterior extradural soft tissue thickening and invagination of
the posterior arch of C1 into the foramen magnum due to
condylar hypoplasia. According to Crockard, every Morquio
patient should be investigated for spinal cord compression
between the ages of 3 and 8 years. Treatment aims to avoid
neurological damage or at least to arrest the progression of
neurological disability. In cases of Morquio patients
harbouring a demonstrated reducible os odontoideum instabil-
ity, surgical reduction appears mandatory; according to
Crockard’s suggestion, surgery appears to prevent
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neurological damage. Otherwise a transoral or transnasal de-
compression and posterior fusion can be combined in cases
with significant anterior compression [2, 3].

When dealing with odontoid malformations, it is necessary
to differentiate ossiculum terminale, os odontoideum and os
avis, according to the most updated literature [1].
Malformations of the dens include aplasia, hypoplasia, dupli-
cation, condylus tertius, os terminale and os odontoideum.
Among the most important features, Os odontoideum (plural:
ossa odontoidea) is an anatomic variant of the odontoid pro-
cess of C2 and needs to be differentiated from persistent
ossiculum terminale and from a type 2 odontoid fracture. It
can be associated with atlantoaxial instability. Although it was
originally thought to be a congenital lesion due to a failure of
the centre of ossification of the dens to fuse with the body of
C2, it may actually represent an unremembered and/or
unrecognised fracture through the dens’ growth plate
(synchondral fracture) before the age of 5 or 6. There may
be associated instability and chronic symptoms The level of
mobility is below the transverse band of the cruciform liga-
ment and therefore results in abnormal mobility of the dens
with respect to C2. In other words, atlantoaxial instability is
more common with os odontoideum. An os odontoideum can
be divided into two main types 2: orthotopic, normal position
with a wide gap between C2 and os odontoideum dystopic,
displaced (dystopic os odontoideum has also been termed the
‘os avis’ by some) Association Morquio syndrome, Down
Syndrome and multiple epiphyseal dysplasia. It may be seen
in association with another adjacent anatomic variant, the third
condyle Radiographic features smooth, well-corticated ossicle
at the superior ossicle of a hypoplastic dens, around half the
size of a normal dens associated with hypertrophied and
rounded anterior arch of the atlas [2].

Ossiculum terminale Ossiculum terminale (Os avis by some)
appears as a secondary ossification centre of the dens between
3 and 6 years and normally fuses by 12 years. Failure of fusion
results in a persistent ossiculum terminale (also called
Bergmann’s ossicle or ossiculum terminale of Bergmann)
and is considered a normal anatomical variant of the axis. It
lies above the alar ligament and is therefore considered to be
stable, and it very rarely causes symptoms. Radiographic fea-
ture, small, well-corticated ossicle at the tip of the dens usually
in the midline dens, is typically normal in height differential
diagnosis os odontoideum, type 1 odontoid fracture [2].

The third condyle The third condyle also known as condylus
tertius or median occipital condyle is a rare anatomic variant
of the occipital condyles. It is a small separate ossicle at the
anteromedial margin of the occipital condyle formed by the
failure of the embryonic proatlas (the 4th occipital sclerotome)
to unite with the condyle proper. It may form a true arthrosis or
pseudoarthorosis with the adjacent odontoid process of the

axis or anterior arch of the atlas and has an association with
an os odontoideum. The third condyle represents a spectrum
of occipital vertebrae variations, and the 3 other most common
variants include basilar process, paracondylar process and
prebasioccipital arch [2].

Surgical options

The intraoperative essentials in this special and challenging
surgery are head traction, fluroscopic assistance and neuro-
physiological monitoring (motor and sensory evoked poten-
tials). Surgical approach to the anterior craniovertebral junc-
tion (CVJ) (in this case Morquio syndrome) can concern an-
terior decompressive procedures i.e. endoscopic transnasal
approach (EEA) and transoral approach (TOA) (the latter also
microsurgical) in childhood. Moreover, the recently intro-
duced transnasal endoscopic odontoidectomy accomplishes
a good decompression of the bulbomedullary junction with
100% avoiding the need of the tracheostomy and sometimes
also avoiding the need of posterior instrumentation and fusion
in those cases with sparing of the transverse ligament [4–7].

Concerning posterior instrumentation procedures, one
stage combined (with EEA and TOA) or stand alone, when
dealing with reducible dislocations, screwing technique are
gainingmuchmore success, since screw-based constructs pro-
vide superior stabilization and biomechanical profiles when
compared with sublaminar wires [8, 9]. Otherwise, screwing
constructs can be affected by radiotherapy and consequently
may require to be converted in wiring ones; furthermore, also
postoperative infections can weaken the construct so requiring
the hardware removal but sometimes without the need to
performing a reinstrumentation procedure due to the reactive
secondary bone regrowth [10, 11].

In children younger than 3 years, surgical instrumentation
may raise concerns due to a patient’s age and desirability of
maintaining the growth of an immature spine. In these cases,
delicate and small bony structures may not withstand rigid
instrumentation, due to excessive mobility, poor bone pur-
chase at the time of instrumentation and still developing ossi-
fication centres with cartilaginous interpositions. So, within
the cervical spine, the use of rods with absorbable versus
non-absorbable sublaminar sutures has been matter of debate
according to personal preference [3]. In our experience, the
old fashion occipitocervical (C0–C3) wiring instrumentation,
performed on a 8 years old Morquio patient, allowed a good
functional compensation with a quite normal CVJ movement
pattern at 22-year follow-up. So, an ‘extensive CVJ fixation’
although considered an historical procedure seems to continue
to deserve consideration. [3] (Figs. 1 and 2).

We cannot forget that some of the so-called irreducible C1–
C2 dislocations during dynamic X-Ray and in Halo traction
can become reducible in the operating room, under general
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anaesthesia, curarization, with prone position, with a simple
head Mayfield traction, by using special lever intraoperative
manoeuvres, both with wiring and screwing instrumentation
techniques. Such an observation has reduced the number of
anterior decompressive procedures. This philosophy, valid al-
so in childhood and in Morquio patients, was published in
2009 with ‘the always posterior strategy’: in all the cases, a
posterior attempt to reducing and fixating C1–C2 should be
done [7, 8].

In the case published by Moon E et al., a fluoroscopic-
assisted screwing technique was performed without any CT
neuronavigation (free-hand technique). Although I feel most
attracted by the simpler intraoperative fluoroscopy in conven-
tional surgical procedures, in this case, I should have strongly
advised neuronavigation, due to the complexity of the local
CVJ anatomy and the local severity of Morquio disease.

Intraoperative assistance

Lights

O-Arm or Intraoperative (preoperative) CT scan acquisition,
comparing with fluoroscopy, not only have the obvious

advantage of a better definition with a resulting easier screws
insertion, but, for sure, it permits an intraoperative direct and
indirect assessment of bony and ligamentous CVJ anterior
decompression. In our experience with O-Arm acquisition,
the cranio-caudal decompression can be augmented intraoper-
atively because of the possibility to correct the surgical tech-
nique when it is proved to be suboptimal. Also in TOA pro-
cedures, the use of Iopamire with fluoroscopy as contrast filler
indirectly allows to evaluate possible residual compression at
the CVJ, but it does not provide a real-time visualization of the
decompression. In complex anatomies (CT/OArms),
neuronavigation allows to better approach children in both
anterior and posterior CVJ procedures.

Shadows

If required, the possibility to convert intraoperative-
neuronavigated 3D modality into 2D real-time with O-Arm
appears to be uncomfortable due to the poor space volume
available for the surgeon and the need of complex, time con-
suming and often not effective surgical maneuvres required.

Therefore, sufficient experience in posterior CVJ complex
surgery and confidence with O Arm/Intraoperative
(preoperative) CT navigation is needed to safely perform this

Fig. 2 Morquio patient operated 22 years ago (personal observation). a Dx rotation, b sx rotation, c flexion and d extension at maximum follow-up

Fig. 1 Morquio patient operated 22 years ago (personal observation). Preoperative a MR T2 W and b CT scan sagittal reconstruction showing
bulbomedullary junction compression and CVJ complex malformation c postoperative X-Ray control showing the C0 –C3 wiring construct
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procedure, as demonstrated by a 1 h longer (62 min) mean
operation time of our series compared with the personal pre-
vious data published (data submitted for publication).

Conclusions

Experience from our case series and a review of the literature
support the need:

1) to make worldwide available and also economically ac-
cessible (free tools) the neuronavigation (intraoperative or
preoperative)-assisted CVJ surgery mainly in paediatric
surgery, since the bone fragility and incomplete local an-
atomic development mandate ‘one shot surgery’;

2) to spare, as much as possible, the local anatomy, the bone
purchase and the local biomechanical potential;

3) to carefully select personalized occipital plates, rods,
screws and wire constructs, depending on the underlying
pathology, the bone thickness, age and degree of
suspected instability. Thin or weak bone, revision surger-
ies with or without intraspinal pathologies, difficulty in
compliance with immobilization and skin integrity sec-
ondary to proud instrumentation on the occiput remain
challenging issues.
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