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Upper Cervical Fusion in Children with
Morquio Syndrome
Intermediate to Long-Term Results
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Investigation performed at the Department of Orthopaedic Surgery, Nemours/Alfred I. duPont Hospital for Children, Wilmington, Delaware

Background: Paraplegia or death secondary to upper cervical spine instability and spinal cord compression are known
consequences of Morquio syndrome. Decompression and fusion of the upper cervical spine are indicated to treat spinal
cord compression. The purpose of this study was to report the intermediate to long-term results of upper cervical spine
fusion in children with Morquio syndrome.

Methods: Twenty patients (nine female and eleven male) with Morquio syndrome who underwent upper cervical spine
fusion at a mean age of sixty-three months were retrospectively analyzed with use of hospital records. Radiographic and
clinical results were reported.

Results: The average follow-up period was eight years and ten months. Fusion was achieved in all patients except one;
this patient underwent a revision with transarticular C1-C2 screw fixation. Seven patients developed symptomatic in-
stability below the fusion mass that required extension of fusion to lower levels at a mean of ninety-one months after the
initial operation. Two patients required decompression and fusion of a site other than the upper cervical spine. Asymp-
tomatic cervicothoracic and thoracolumbar kyphosis was prevalent among our patients. All patients were neurologically
stable at the time of the latest follow-up visit.

Conclusions: Upper cervical spine fusion provides reliable fusion and a stable neural outcome in patients with Morquio
syndrome. However, distal junctional instability is a major problem at long-term follow-up. Kyphotic deformity of the
cervicothoracic and thoracolumbar junction may be present in a large number of patients with Morquio syndrome and
evaluation for spinal stenosis at these levels should also be considered.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

and thus, the magnitude of cord compression could be more than

orquio syndrome is the type of mucopolysaccharidosis
l \ / I (type IV) with the most frequent skeletal conse- expected on the basis of standard radiographs**°. The outcome of

quences. In addition to extremity alignment ab-
normalities, the natural progression of the disease may lead to
quadriplegia and sudden death secondary to upper cervical spine
instability and cord compression'”. Specifically, children with
Morquio syndrome have odontoid hypoplasia, ligamentous lax-
ity, and extradural mucopolysaccharide deposition anterior to
the spinal cord at the C1 level that can result in atlantoaxial
subluxation, stenosis, and cervical myelopathy. The extradural
mucopolysaccharide deposition can accentuate cord compression,

disease progression led several authors to recommend fusion of
the upper cervical spine once instability is demonstrated™*®.

Several studies have shown the results of upper cervical
fusion in patients with Morquio syndrome; however, long-term
results and complications of upper cervical fusion in this popu-
lation have not been well documented. The purpose of this study
is to show the intermediate to long-term clinical and radio-
graphic outcomes of upper cervical spine fusion in children
with Morquio syndrome.
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TABLE | The Preoperative Imaging Findings

Space Available Space Available
for the Cord for the Cord Sagittal Cord
Patient in Flexion* in Extensiont Diameters Signal Cord Cervicothoracic Thoracolumbar
No. (mm) (mm) (mm) Change Compression Kyphosis Kyphosis
3 8.2 12.6 6.5 Yes Yes Yes Yes
4 8.7 12 5.9 Yes Yes Yes Yes
6 9.4 11.2 6.3 No Yes No No
7 9 13 NA§ NA NA Yes No
8 14 17 8.3 Yes Yes Yes No
9 10.1 13.3 6.6 Yes Yes No Yes
11 10.3 12.9 8.6 No Yes No Yes
12 12 16 8.9 No Yes No Yes
15 8 10 5.6 Yes Yes No Yes
20 10.2 15 7 No Yes Yes No
*The mean space available for the cord in flexion was 10 mm. 1The mean space available for the cord in extension was 13.3 mm. $The mean
sagittal cord diameter was 7 mm. 8§N/A = not available. Patient No. 7 did not have MRI.

Materials and Methods
fter institutional review board approval, we searched the medical records
for patients with a diagnosis of Morquio syndrome. A total of thirty-six pa-
tients with this diagnosis from 1979 to 2007 were identified. The inclusion criteria
were a confirmed diagnosis of Morquio syndrome, surgical fusion of the upper
cervical spine, and a minimum of twenty-four months of radiographic follow-up.

Twenty-seven of the thirty-six patients underwent cervical fusions either
at our institution or at an outside facility. Twenty-five patients underwent only
upper cervical fusions. Two patients underwent upper cervical fusion as well as
decompression and fusion for spinal stenosis at a location unrelated to the cervical
spine. None of the patients underwent spinal fusion only for thoracic or lumbar
deformity. Data for more than twenty-four months of follow-up were available for
twenty-one patients, and twenty patients satisfied the inclusion criteria. Of these
twenty patients, five had C1-C2 fusion, one had occiput-C3 fusion, and fourteen
had occiput-C2 posterior spinal fusions. The fusion levels were chosen according
to the level of instability and cord compression. In cases in which posterior
elements of C1 were incompetent for fixation, or were removed for decompres-
sion, fusion was done between the occiput and C2 unless stenosis and/or insta-
bility involved lower levels. Twelve of the twenty patients had the index fusion
surgery at an outside institution. The eight patients who underwent operations at
our institution and two of the twelve patients who underwent operations else-
where had preoperative and postoperative radiographs at scheduled clinic visits.
The remaining ten patients only had postoperative follow-up radiographs in our
records.

The posterior atlantodens interval (space available for the cord) was mea-
sured preoperatively in flexion and extension views of lateral cervical spine radio-
graphs. Preoperative magnetic resonance imaging (MRI) and computed tomographic
(CT) scans were evaluated when available. The diameter of the dura was measured
between the odontoid and the posterior arch of the atlas on MRI sagittal views to
correlate with the measurements of space available for the cord on radiographs.

Anesthesia

There are multiple case reports in the anesthesiology literature addressing the
specific anesthetic difficulties and how to manage the airway in patients with
Morquio syndrome. Jones and Croley9 noted that the three major problems
were difficulty in intubation because of the deformity and redundant pha-
ryngeal mucosa, chronic pulmonary disease due to chest deformity and
superinfection, and inadvisability of manipulating the neck because of ver-
tebral anomalies and possibility of atlantoaxial subluxation. Tzanova et al."’

recommended fiber-optic-guided nasotracheal intubation, which does not
require repositioning of the head, in patients with Morquio syndrome.
McLaughlin et al.'' recently reported that, in addition to cervical instability,
bulky pharyngeal tissues (due to the deposition of mucopolysaccharides in
the oropharynx, floor of the mouth, epiglottis, aryepiglottic folds, and
macroglossia) mandate the use of a smaller endotracheal tube. Also, a
prominent maxilla, limited mouth opening, and short neck make safe direct
laryngoscopy difficult. McLaughlin et al. advised preoperative awake fiber-
optic airway examination. Theroux et al.”? preferred using the Glidescope
while performing intubation on children with Morquio syndrome. In these
children, airway abnormalities include a tortuous appearance of the trachea
and bronchi as a result of abnormalities in hyaline cartilage and deposits of
glycosaminoglycans.

Postoperative Care

All patients, except one with bilateral transarticular screw fixation, were immobi-
lized in a halo vest for three months. After three months, the halo vest was removed
in the clinic, and the patients used a cervicothoracic orthosis for another six
to twelve weeks. Patients were allowed to return to normal activity at six months.

Source of Funding

No funding was received for this study.

Results
total of twenty patients met the inclusion criteria (see
Appendix). The average follow-up period was 106 months
(range, twenty-six to 192 months). The average patient age at
initial fusion surgery was sixty-three months (range, twenty-two
to 179 months). Of the twenty patients, all but one achieved
fusion of the operated levels after initial surgery.

We were able to report the index fusion indications only
for the patients who underwent the initial surgery at our in-
stitution. The indications included progressive instability
in three patients, cord compression along with instability in
three patients, myelopathy in one patient, and paralysis in one
patient. These eight patients had MRI scans, and six of them
showed signal changes in the spinal cord at the unstable level.
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Fig. 1-A

Fig. 1-D

Preoperative Imaging Findings

We reported the preoperative imaging of ten patients (Table I).
The mean space available for the cord was 13.3 mm in extension
and 10 mm in flexion. Of these ten patients, nine had preoper-
ative MRI and some degree of cord compression and five had
signal changes in the cord. The mean anteroposterior diameter of
the dura was 7 mm, which was measured between the odontoid
and the posterior arch of the atlas. The MRI and lateral spine
radiographs showed that five of the ten patients also had kyphotic
deformity at the cervicothoracic junction without apparent cord
compression, and six of the ten patients had kyphotic deformity
at the thoracolumbar junction.

Implant
Five patients had posterior in situ fusion without use of any
implant; postoperative stabilization was achieved with a halo

Fig. 1-E

Radiographs and MRI showing a patient with Morquio syndrome who underwent C1-C2 fusion. This patient had limited flexion; however, notable instability is present
in the views between flexion (Fig. 1-A) and extension (Fig. 1-B). Anterior borders of C1 and C2 are depicted with arrows. Cord compression and signals changes were
visible on the T2 MRI sagittal view. There is notable posterior compression by the posterior arch of C1 (Fig. 1-C). C1-C2 stability was achieved with transarticular
screws. Lateral radiographs made with the cervical spine in flexion (Fig. 1-D) and extension (Fig. 1-E) show a stable fusion mass at three years postoperatively.

vest or halo cast. The only pseudarthrosis was in this group
of patients. For internal fixation, cables were used in six
patients and wires were used in six patients (see Appendix). In
three patients, transarticular screws were used with or without
cable augmentation. Figure 1 shows a patient managed by
means of transarticular screw fixation. The decision to use
transarticular screws was made after examining the preoperative
CT scans.

Graft

Of the eight patients who underwent index cervical fusion
at our institution, autograft was harvested from the iliac
wing in seven patients and from the autologous rib in one
patient. We were not able to retrieve the bone graft records
for the twelve patients who underwent index cervical fusion
elsewhere.
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Fig. 2-B

Fig. 2-D

Fig. 2-C

Fig. 2-E

Radiographs and MRI showing a patient who had previously undergone occiput-C2 fusion with autograft and wire stabilization. Instability between the
fusion mass and C3 was visible on lateral radiographs made with the cervical spine in flexion (Fig. 2-A) and extension (Fig. 2-B). The MRl sagittal view also

demonstrated compression of the cervical cord with intrinsic signal changes on T2 sequences (Fig. 2-C). The patient underwent extension of the fusion to
C4 with autograft and fixation with cables. Lateral radiographs made with the cervical spine in flexion (Fig. 2-D) and extension (Fig. 2-E) show a stable fusion

mass at five years postoperatively.

Immobilization Type and Period

Nine patients were externally immobilized with use of either a
halo cast or a halo vest for six to twelve weeks depending on where
the surgery was done and the time period. One patient was
immobilized with use of a Minerva jacket, and no internal
fixation was used in this patient. One patient with transarticular
screw fixation used a cervicothoracic orthosis for three months.
For the remaining nine patients, we were not able to retrieve the
immobilization records.

Revisions

Seven patients required an extension of fusion to a lower level.
Six patients required a caudal extension of fusion to C3-C5 levels
(Table IT). The mean interval between the initial surgery and the
revision surgery was ninety-five months (range, thirty-six to 168
months). The indication for revision surgery for these six patients
was instability at the distal level with or without MRI signal

changes in the cervical spinal cord. The fusion level was extended
to C3 in one case, C4 in three cases, and to C5 in two cases. In the
remaining patient, fusion was extended to T2 because of distal
junctional instability and multilevel stenosis with cervicothoracic
kyphosis about twenty months after the initial surgery. Figure 2
shows a patient who had undergone treatment for symptomatic
instability. The average time to follow-up after the revision fusion
was fifty-two months (range, six to 114 months).

The only patient with symptomatic pseudarthrosis (patient
number 12, Table IT) underwent C1-C2 transarticular screw
fixation. The original occiput-C2 fusion of this patient was done
at an outside facility without use of internal fixation.

Two patients required decompression and fusion of levels
unrelated to upper cervical instability. One patient whose fu-
sion was extended to T2 had to be fused to T7 twelve years after
his last fusion extension to T2. At that time, he had progressive
neurologic decline secondary to thoracic-level stenosis. One other
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TABLE Il Revision Surgeries Secondary to Distal Junctional Instability and Cord Compression

Patient No. Revision Time to Revision* (mo) Indication
Cc2-C4 36 Instability
C2C3 72 Instability
7 C2-C4 125 Instability and myelomalacia
10 C2-T2 168 Neural symptoms
and myelomalacia
12 Cc1-C2 124 Pseudarthrosis
13 C2-C4 108 Instability
19 C2-C5 48 Instability
20 C2-C5 77 Neural symptoms
*The mean time to revision was 94.8 months.

patient displayed stenosis at C7-T1 and had decompression of
these levels along with fusion between C7 and T4 during her
upper cervical fusion. All patients were neurologically and
mechanically stable at the time of the latest follow-up.

Neural Outcome

One patient was not walking at the time of the latest clinic follow-
up and had not been walking preoperatively. Six patients were
independent walkers who did not use any assistive device. The
remaining thirteen patients independently walked at home but
required a walker or a scooter in the community. Except for one
patient, whose walking status improved after surgery, overall neural
status and neurologic examination were minimally changed.
None of the patients’ neural statuses deteriorated after the fusion
procedure.

Discussion

he mucopolysaccharidoses are a group of metabolic dis-

orders, each characterized with a lysosomal enzyme defect.
These disorders result in an accumulation of different types
of mucopolysaccharides in the cell, leading to central nervous,
cardiovascular, pulmonary, ophthalmologic, auditory, and mus-
culoskeletal disorders. Mucopolysaccharidosis type IV (Morquio
syndrome) has predominantly orthopaedic manifestations with
severe spinal problems.

Morquio syndrome was first described by Morquio'** and
Brailsford™ in 1929. This rare autosomal-recessive genetic dis-
order is characterized by the absence of or reduction in the
activity of the N-acetylgalactosamine-6-sulfate sulfatase (GALNS)
enzyme for Morquio type A'® or the B-galactosidase enzyme
for Morquio type B”. These enzyme deficiencies lead to a lack
of degradation of keratan sulfate and cause clinical features of
skeletal dysplasia through excessive intracellular accumulation.
The diagnosis is established by physical and radiographic features,
deficiency of the related enzyme activity in cultured fibroblasts,
excessive keratan sulfate in urine, and confirmation by the GALNS
enzyme assay’’. Prenatal diagnosis is also possible through elec-
trophoresis of the amniotic fluid glycosaminoglycans'.

13,14

Patients with Morquio syndrome appear healthy at birth,
as do other patients with mucopolysaccharidosis”. Disease-
specific radiographic changes have been observed prior to clin-
ical signs and symptoms, which present usually by the third year
of life. Typical features are disproportionate (short trunk)
dwarfism, pectus carinatum, kyphosis, scoliosis, genu valgum,
flaring of the lower ribs, hypermobile joints, and an abnormal
and unstable gait’. Children with Morquio syndrome have
odontoid hypoplasia, ligamentous laxity, and extradural mu-
copolysaccharide deposition, adding to the spinal cord com-
pression®*’. Early cervical spine management with prophylactic
fusion has been recommended to prevent cervical myelopathy"*.
Prophylactic fusion was reported to have better neurologic out-
comes compared with fusions done after neural compromise"*.
It has also been documented that, in patients with upper cervical
instability, cervical fusion prevents the otherwise progressive neu-
rologic compromise™*™.

With use of CT myelography, Stevens et al.? studied the
upper cervical spine of thirteen patients with Morquio syndrome.
They described the pathoanatomy of the upper cervical spine in
detail and reported that atlantoaxial instability was mild and
subluxation was absent in the majority of their cases. They re-
ported that the severity of neurologic involvement was related to
the anterior extradural soft tissue. This finding is consistent with
the MRI findings by Hughes et al." and implies that direct ra-
diography underestimated the amount of cord compression in
patients with Morquio syndrome. Ransford et al.® reported the
results of upper cervical fusion in seventeen patients with Morquio
syndrome, including the thirteen from the study by Stevens et al.
Ransford et al. emphasized that the os odontoideum or carti-
laginous dens were an indicator of C1-C2 instability and os-
sified once fusion was accomplished and stability was achieved.
They also reported that demonstrable instability on lateral radio-
graphs of the cervical spine in flexion and extension was a late
feature and almost invariably was associated with myelopathic
findings. Therefore, they recommended prophylactic fusion to
prevent instability and myelopathic signs. However, the follow-
up period for this study was not shown.
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Morquio syndrome is a rare disease; hence, many upper
cervical fusion reports are on groups of patients with hetero-
geneous diagnoses and short to intermediate-term follow-
up®®****, Ain et al.” reported their experience of upper cervical
fusion in a variety of skeletal dysplasias, including seven patients
with Morquio syndrome. They achieved osseous union with use
of iliac crest autograft in all patients with Morquio syndrome.
They did not provide information on internal fixation. Six of
these patients had neurologic compromise preoperatively, and
five of them improved after surgery. Ain et al. did not observe
any instability distal to the fused levels in their patients; however,
their mean follow-up period was 5.1 years, with three of the
seven patients having a follow-up of less than three years.

Pouliquen et al.”* reported the results of cervical instability
treatment in six patients with Morquio syndrome with a follow-up
of one year. They reported nonunion and neurologic compromise
in one of their patients. Both Koop et al.” and Svensson and Aaro™
reported the results of upper cervical fusion in patients with
skeletal dysplasia, with only one patient with Morquio syndrome
in each study. They reported solid fusion in both of these patients.
In a review paper on Morquio syndrome, Northover et al.” noted
abnormal motion occurring below successfully fused segments.

The current study shows intermediate to long-term
follow-up results of upper cervical fusion in twenty patients
with Morquio syndrome. The rarity of this metabolic disorder
precludes a large series, yet, to our knowledge, this study shows
the largest number of patients with Morquio syndrome who
underwent upper cervical fusion with a mean follow-up period
of almost nine years. Our imaging findings show that the actual
space available for the cord is largely underestimated with direct
radiology because of the unossified odontoid tip and soft-tissue
deposition posterior to the odontoid, anterior to the spinal cord.
These findings are in concordance with previous reports and
underline the importance of surveillance of cervical instability
in patients with Morquio syndrome. Currently, in children
with suspected spinal cord compression, neural changes, and
instability, we utilize flexion-extension cervical spine MRI
under general anesthesia or sedation. The safety and utility of
flexion-extension MRI in patients with skeletal dysplasia have
been recently shown®, and our indications to acquire a flexion-
extension cervical spine MRI study are in line with this report.

UpPPER CERVICAL FUSION IN CHILDREN WITH
MORQUIO SYNDROME

The data from the current report show that fusion can be
reliably expected after posterior upper cervical fusion with use
of an internal fixation method and autograft. However, distal
junctional instability requiring additional surgery was observed
in 40% of our patients.

Upper cervical instability in Morquio syndrome can
reliably be addressed with occiput-C2 fusion, and a stable
neurologic outcome can be expected. However, long-term
follow-up of these patients is mandatory, as distal junctional
instability and spinal cord compression may develop in a large
portion of these patients. We believe that upper cervical fusion
is indicated in the absence of clinical symptoms if radiographic
signs of progressive instability and/or cord compression are
present, given the drastic complications of spinal cord com-
pression and the better neurologic outcome. Patients and
families should be informed about this frequent complication
and the probable need for secondary surgical interventions re-
quiring extension of fusion to lower levels. Whole spine imaging
is required to screen for cord compression at the cervicothoracic
and thoracolumbar junctions in addition to the craniocervical
junction.

Appendix

@ A table showing the patient demographic characteris-
tics, fusion levels, and internal fixation methods is

available with the online version of this article as a data

supplement at jbjs.org. ®

Ozgur Dede, MD

Mihir M. Thacker, MD

Kenneth J. Rogers, PhD, ATC

Murat Oto, MD

Mohan V. Belthur, MD, FRCS (Tr&Orth)
Wagner Baratela, MD

William G. Mackenzie, MD, FRCS(C)
Department of Orthopaedic Surgery,
Nemours/Alfred I. duPont Hospital for Children,
1600 Rockland Road,

Wilmington, DE 19803.

E-mail address for M.M. Thacker: mthacker@nemours.org

References

1. Lipson SJ. Dysplasia of the odontoid process in Morquio’s syndrome causing
quadriparesis. J Bone Joint Surg Am. 1977 Apr;59(3):340-4.

2. Stevens JM, Kendall BE, Crockard HA, Ransford A. The odontoid process in
Morquio-Brailsford’s disease. The effects of occipitocervical fusion. J Bone Joint
Surg Br. 1991 Sep;73(5):851-8.

3. Bethem D, Winter RB, Lutter L, Moe JH, Bradford DS, Lonstein JE, Langer LO.
Spinal disorders of dwarfism. Review of the literature and report of eighty cases.

J Bone Joint Surg Am. 1981 Dec;63(9):1412-25.

4. Hughes DG, Chadderton RD, Cowie RA, Wraith JE, Jenkins JP. MRI of the brain
and craniocervical junction in Morquio’s disease. Neuroradiology. 1997
May;39(5):381-5.

5. Montaifo AM, Tomatsu S, Gottesman GS, Smith M, Orii T. International Morquio A
Registry: clinical manifestation and natural course of Morquio A disease. J Inherit
Metab Dis. 2007 Apr;30(2):165-74.

6. Ransford AO, Crockard HA, Stevens JM, Modaghegh S. Occipito-atlanto-axial
fusion in Morquio-Brailsford syndrome. A ten-year experience. J Bone Joint Surg Br.
1996 Mar;78(2):307-13.

7. Northover H, Cowie RA, Wraith JE. Mucopolysaccharidosis type IVA (Morquio
syndrome): a clinical review. J Inherit Metab Dis. 1996;19(3):357-65.

8. Tolo VT. Spinal deformity in short-stature syndromes. Instr Course Lect. 1990;
39:399-405.

9. Jones AE, Croley TF. Morquio syndrome and anesthesia. Anesthesiology. 1979
Sep;51(3):261-2.

10. Tzanova |, Schwarz M, Jantzen JP. [Securing the airway in children with
the Morquio-Brailsford syndrome]. Anaesthesist. 1993 Jul;42(7):477-81.
German.

11. McLaughlin AM, Farooq M, Donnelly MB, Foley K. Anaesthetic consider-
ations of adults with Morquio’s syndrome - a case report. BMC Anesthesiol.
2010;10:2.

12. Theroux MC, Nerker T, Ditro C, Mackenzie WG. Anesthetic care and periopera-
tive complications of children with Morquio syndrome. Paediatr Anaesth. 2012
Sep;22(9):901-7.

13. Morquio L. Sur une forme de dystrophie osseuse familiale. Arch Med Enfants.
1929;32:129-40. French.



1234

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 95-A - NUMBER 13 - JULY 3, 2013

14. Morquio L. The classics: On a form of familial osseous dystrophy. Bull. Soc.
Pediat. 27:145, 1929. Clin Orthop Relat Res. 1976 Jan-Feb;(114):10-1.

15. Brailsford J. Chondro-osteodystrophy, roentgenographic and clinical features
of a child with dislocation of vertebrae. Am J Surg. 1929;7:404-7.

16. Baker E, Guo XH, Orsborn AM, Sutherland GR, Callen DF, Hopwood JJ, Morris
CP. The morquio A syndrome (mucopolysaccharidosis IVA) gene maps to 16924.3.
Am J Hum Genet. 1993 Jan;52(1):96-8.

17. vander Horst GT, Kleijer WJ, Hoogeveen AT, Huijmans JG, Blom W, van Diggelen
OP. Morquio B syndrome: a primary defect in beta-galactosidase. Am J Med Genet.
1983 Oct;16(2):261-75.

18. Mossman J, Patrick AD. Prenatal diagnosis of mucopolysaccharidosis by two-
dimensional electrophoresis of amniotic fluid glycosaminoglycans. Prenat Diagn.
1982 Jul;2(3):169-76.

19. Jones K. Smith’s recognizable patterns of human malformation. 6th ed. Phila-
delphia: WB Saunders; 2005. Morquio syndrome; p 538-41.

20. Ain MC, Chaichana KL, Schkrohowsky JG. Retrospective study of cervical ar-
throdesis in patients with various types of skeletal dysplasia. Spine (Phila Pa 1976).
2006 Mar 15;31(6):E169-74.

21. Ashraf J, Crockard HA, Ransford AO, Stevens JM. Transoral decompression and
posterior stabilisation in Morquio’s disease. Arch Dis Child. 1991 Nov;66(11):1318-21.
22. Dormans JP, Drummond DS, Sutton LN, Ecker ML, Kopacz KJ. Occipitocervical
arthrodesis in children. A new technique and analysis of results. J Bone Joint Surg
Am. 1995 Aug;77(8):1234-40.

23. Koop SE, Winter RB, Lonstein JE. The surgical treatment of instability of the
upper part of the cervical spine in children and adolescents. J Bone Joint Surg Am.
1984 Mar;66(3):403-11.

UpPPER CERVICAL FUSION IN CHILDREN WITH
MORQUIO SYNDROME

24. Letts M, Slutsky D. Occipitocervical arthrodesis in children. J Bone Joint Surg
Am. 1990 Sep;72(8):1166-70.

25. Lowry DW, Pollack IF, Clyde B, Albright AL, Adelson PD. Upper cervical spine
fusion in the pediatric population. J Neurosurg. 1997 Nov;87(5):671-6.

26. Nakagawa T, Yone K, Sakou T, Yanase M. Occipitocervical fusion with

C1 laminectomy in children. Spine (Phila Pa 1976). 1997 Jun 1;22(11):
1209-14.

27. Rodgers WB, Coran DL, Emans JB, Hresko MT, Hall JE. Occipitocervical fusions
in children. Retrospective analysis and technical considerations. Clin Orthop Relat
Res. 1999 Jul;(364):125-33.

28. Schultz KD Jr, Petronio J, Haid RW, Rodts GE, Erwood SC, Alexander J, Naraad
C. Pediatric occipitocervical arthrodesis. A review of current options and early
evaluation of rigid internal fixation techniques. Pediatr Neurosurg. 2000
Oct;33(4):169-81.

29. Smith MD, Anderson P, Grady MS. Occipitocervical arthrodesis using contoured
plate fixation. An early report on a versatile fixation technique. Spine (Phila Pa 1976).
1993 Oct 15;18(14):1984-90.

30. Svensson O, Aaro S. Cervical instability in skeletal dysplasia. Report of 6 sur-
gically fused cases. Acta Orthop Scand. 1988 Feb;59(1):66-70.

31. Pouliquen JC, Pennecot GF, Beneux J, Chadoutaud F, Lacert P, Duval-Beaupere
G, Durand J. [Cranio-vertebral junction and Morquio disease. Apropos of 6 cases].
Chir Pediatr. 1982;23(4):247-55. French.

32. Mackenzie WG, Dhawale AA, Demczko MM, Ditro C, Rogers KJ, Bober MB,
Campbell JW, Grissom LE. Flexion-extension cervical spine MRI in children with
skeletal dysplasia: is it safe and effective? J Pediatr Orthop. 2013 Jan;33(1):
91-8.



