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a b s t r a c t 

Background: Mucopolysaccharidosis (MPS) is a multisystemic storage disorder of glycosaminoglycan deposits. 

Infiltration of the dura mater and supporting ligaments caused spinal cord compression and consecutive myelopa- 

thy, especially at the cranio-cervical junction (CCJ). Craniocervical instability and posterior decompression often 

raise the problem of fixation in children. The main purpose of this paper was to report the result of an original 

technique of occipito-cervical arthrodesis using a cranial halo-cast system in pediatric population. 

Methods: We recorded 21 patients with cervical myelopathy. All of them had spinal cord decompression by 

enlargement of the foramen magnum, C1 laminectomy, and occipito-C2 fusion using corticocancellous bone 

graft. Only one child has an extended laminectomy from C1 to C3. The occiput-C2 arthrodesis was stabilized 

by the cranial halo-cast system. This immobilization was performed preoperatively and kept for three months 

then switched to rigid cervical collar. Clinical assessment, including the Goel grade and mJOA, radiographs and 

magnetic resonance imaging were performed before surgery. The occipito-cervical arthrodesis was controlled by 

standard X-rays and CT scan. 

Results: According to the type of mucopolysaccharidosis, the patients were divided into MPS type I: n = 3, II: n = 7, 

IV: n = 11. The mean age of patients at surgery was 6.76 years. All mucopolysaccharidoses cases required a foramen 

magnum decompression by craniectomy, C1 laminectomy and occipito-C2 arthrodesis. As major complications, a 

child had immediate post-operative paraplegia due to spinal cord ischemia. The postoperative follow-up ranged 

from 1.5 to 4 years, with an average of 3.3 years. The average preoperative mJOA score was 8.9, and it improved 

to 14 points at the last follow-up. 

Conclusions: Satisfactory fusion and good clinical results were obtained with the 2-stage approach to CCJ 

anomalies. 
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ntroduction 

Mucopolysaccharidosis (MPS) is a multisystemic storage disorder of

lycosaminoglycan (GAG) deposits [1] . Infiltration of the dura mater

nd supporting ligaments causes craniocervical instability and spinal

ord compression. This leads to myelopathy, particularly at the cran-

ocervical junction (CCJ) [2] . There are several challenges with re-

ards to the surgical management which requires fusion in growing

nfants. The small size of the patients, the bone anatomy, the in-

erent ligamentous laxity and the growth potential of the vertebrae
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re responsible for the difficulties in treatment. Posterior spinal cord

ecompression and cranio-C2 arthrodesis often raise the problem of

xation in children with MPS. The technique of two-stage approach

or unstable pediatric CCJ anomalies with a cranial halo-cast and de-

ayed occipitocervical fusion has been barely studied in the pediatric

opulation [3] . 

The main objective of this work was to report the result of

ranio-cervical decompression and to describe an original technique of

ccipito-cervical arthrodesis using the cranial halo-cast system in the

ediatric population with MPS. 
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Table 1 

Modified Japanese Orthopaedic Association Scoring System [4] . 

Score Description 

Motor function —upper extremity 

1 Paralysis 

2 Fine motor function massively decreased 

3 Fine motor function decelerated 

4 Discrete weakness in hands or proximal arm 

5 Normal function 

Motor function —lower extremity 

1 Unable to walk 

2 Need walking aid on flat floor 

3 Need handrail on stairs 

4 Able to walk without walking aid, but 

inadequate 

5 Normal function 

Sensory 

1 Apparent sensory loss 

2 Minimal sensory loss 

3 Normal function 

Bladder function 

1 Urinary retention 

2 Severe dysfunction 

3 Mild dysfunction 

4 Normal function 

Maximum score: 17 
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aterial and methods 

We carried out a retrospective study of 21 cases of children with

PS. This study concerned patients operated between January 2017

nd December 2020 in a Pediatric and Adolescent Orthopedic Center.

he management of this condition was multidisciplinary. It included

 pediatric metabolic center, a pediatric radiology center, a pediatric

nesthesia center, a pediatric neuro-surgery center, and a pediatric or-

hopedic center. 

Demographic, clinical and radiological data of patients with MPS

ere collected during follow-up. The diagnosis of spinal cord compres-

ion at the level of the CCJ and the instability factors of the hinge

ere assessed by cerebrospinal MRI in all the children. We performed

 PubMed literature research using the keywords: mucopolysacchari-

osis, children, craniocervical stenosis, craniocervical decompression,

on-instrumented occipitocervical fusion. The selected articles were in

nglish published in indexed journals. 

ssessments to evaluate pathology of the CCJ 

The Clinical evaluations included the modified Japanese Or-

hopaedic Association score (mJOA) ( Table 1 ) [4] and the Goel grading

ystem ( Table 2 ) [5] before and after setting up the Cranial halo-cast

ystem, 3 months after surgery and at the final follow-up visit. For the

RI evaluation, both T1 and T2-weighted sequences were performed.

he presence of a compression of the spinal cord was deduced from the

agittal and axial T2-weighted images. On MRI, spinal cord compression

s defined as a lack of spinal fluid at the level of CCJ and/or basilar im-
able 2 

oel clinical grading system [5] . 

Grade Description 

1 Independent and normally functioning 

2 Walks on own but needs support/help to carry out routine household 

activities 

3 Walks with minimal support and requires help to carry out routine 

household activities 

4 Walks with heavy support and unable to carry out routine household 

activities 

5 Unable to walk and dependent for all activities 

S

 

a

 

w

C

 

t

2 
ression of the spinal cord. The T2-weighted images were also assessed

o detect increased signal intensity, suggesting myelomalacia. 

urgical management 

The operation was always performed by the same surgeons (Pediatric

rthopedic surgeon Pr Nessib .M.N and Associate Pr Zairi .M and Pedi-

tric neurosurgeon Associate Pr Bouali .S) using the same procedure.

he surgery was performed in two-stages approach. 

irst stage: cranial Halo-cast placement 

It consisted in fixing and stabilizing the CCJ with a halo-cast ( Fig. 1 )

nder general anesthesia. The distraction components were built from

he distractors, hinges, and connectors of an Ilizarov apparatus. The re-

ay between the cranial halo and the cast vest was made by hinges which

llow flexion/extension of the cervical spine. The fixation of the cranial

alo was carried out using 6 needles including 2 frontal, 2 parietal and 2

ccipital. Second stage: Cranio-cervical decompression and Occiput-C2

osterior fusion: 

7 to 10 days later, we performed the second stage. After fiberoptic

ntubation, the patient installation is done in prone position. The use of

 halo-vest for positioning is of great importance to secure the cranium

6] . The head was held by the cranial halo. The cervical spine is flexed

sing the hinges to facilitate surgery ( Fig. 2 ). 

An incision was made from the protuberantia occipitalis externa

ight to the spinous process of C5. Soft tissue dissection concerns the

uscle insertions at the level of the occipital protuberance and the pos-

erior arches of C1 and C2. 

The supraspinous and interspinous ligaments C2 - C3 were pre-

erved so as not to inducespinal instability, or even junctional kypho-

is. Then, C1 arch laminectomy, foramen magnum decompression, and

hickened atlanto-occipital membrane dissection of the dura mater were

erformed ( Fig. 3 ). No further stabilization of the CCJ was performed.

fter spinal cord decompression, the cervical spine is set to a neu-

ral position. The patient was still in the prone position, we clinically

dentify the posterior iliac crest, an incision of the skin and soft tis-

ues until we have the outer cortex of the iliac bone, then the bone

raft was taken in block. Two corticocancellous bone rods, taken from

he posterior iliac crest ( Fig. 4 A), werefixed between the occiput and

he C2 arch ( Fig. 4 B). The bone, from C1 laminectomy and enlarge-

ent of the foramen magnum, is mixed with auto-graft for arthrodesis

 Fig. 4 C). 

ostoperative care 

Extubation was only performed when the patient was fully awake

ithout neurological impairment, due to the technical difficulties of

eintubation. The cranial halo-cast device was kept in place for 12

eeks after the second surgery. It was then removed with local anes-

hesia at an outpatient visit, and replaced by a rigid cervical collar for

 months. 

tatistical analysis 

Effectivity analysis was carried out for clinical outcome (Goel grade

nd modified Japanese Orthopaedic Association score). 

Student t test was used for analysis of quantitative variables. Findings

ere considered to be statistically significant when P < 0.05. 

omplications 

Postoperative complications resulting from the first procedure and

he second surgery were reviewed. 
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Fig. 1. Clinical photograph from the front (A), from behind (B) and from the side (C) showing the halo-cast in place preoperatively in a 3-year-old child with 

Morquio’s disease. 

Fig. 2. Positioning the patient in the prone position and fixing to the surgical table (A: lateral view, B: view from above). The red dotted line on the lateral view 

indicates the degree of flexion of the cervical spine. 
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esults 

The study included 21 patients, 12 males and 9 females. The me-

ian age at the time of decompression surgery was 6.76 years (ranges,

rom 3 to 15 years). According to the type of mucopolysaccharidosis,

he patients were divided into MPS type I n = 3, II: n = 7, IV: n = 11. The

ostoperative follow-up ranged from 1.5 to 4 years, with an average of

.3 years. 
3 
At the time of surgery, the MRI was objectified a compression of the

pinal cord at the level of the CCJ with lack of the cerebrospinal fluid. A

asilar impression was objectified in 7 patients. The main stenotic level

as in foramen magnum and C1 for 20 childrens ( Fig. 5 ) and extended

or C3 for one patient. 

Patients were stayed in the hospital for the whole procedure. The

uration of hospitalization was 13 days on average (ranges, from 10 to

1 days) in the absence of post-operative complications. Between the
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Fig. 3. Intraoperative photograph showing craniocervical decompression: the 

blue arrows delimit the level of the craniotomy, the 2 black stars delimit the level 

of the occipito-atloid ligament, the braces in green delimit the laminectomy of 

C1 and the pointed white line delimits the posterior arc of C2. 
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Fig. 4. Intraoperative photograph showing corticocancellous graft procedure : 

two corticocancellous bone rods, taken from the posterior iliac crest ( Fig. 3 A), 

are fixed between the occiput and the C2 arch ( Fig. 3 B). The product of 

C1 laminectomy and enlargement of the foramen magnum is associated for 

arthrodesis ( Fig. 3 C). 
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 stages of surgery, the child was kept for progressive distraction at

 rate of 4 mm/day for decapitation of the spine and for neurological

onitoring. All patients underwent surgery according to the procedure

forementioned. The average operating time was 130 minutes (ranges,

rom 120 to 150 minutes). Mean intraoperative blood loss was 220 mL

range, 200–250 mL). 

linical outcome analysis 

After the first stage of surgery, we were noted an improvement in

eurological status in 8 patients. Three of them, who had incomplete

etraplegia, were recovered partial motor skills in all four limbs. The

ean mJOA score before surgical treatment was 8.9 points (ranges, 6–13

oints) in the 21 patients. It improved to 14 points (ranges, 4–17 points)

t the last follow-up. There were not statistically significant differences

n the improvements between the different etiologies according to the

ostoperative mJOA grade (P > 0.05). 80% of the patients (17/21) were

mproved neurologically in the year following the operation with an

mprovement in motor and sensory status objectified by mJOA score and

oel grade. At final follow-up, their neurologic condition was preserved.

The mean Goel grade before both procedures was 3.19 (ranges,

–5). It decreased to 1.52 at the last follow-up. Like mJOA score anal-

sis, there were not statistically significant differences in the improve-

ents between the different etiologies according to the postoperative

oel grade (P > 0.05). 

The occipito-C2 arthrodesis was controlled by standard radiographs.

he first radiological assessment carried out three months postopera-

ively makes it possible to objectify the shadow of the cortico-cancellous

raft. The second radiological assessment, carried out six months post-

peratively, was objectified occipito-C2 arthrodesis in 76 % of cases

16/21) and no signs of occipito-cervical instability in all patients

 Fig. 6 ). At one year postoperative, CT scan was objectified arthrodesis

n all operated children ( Fig. 7 ) allowing a better analysis of the quality

f arthrodesis in the three dimensions. 

At the mean follow-up (3.3 years), the outcome of the 2-stage pro-

edure was considered optimal in all 21 cases with 100 % successful

ccipito-C2 arthrodesis and 80 % improvement in sensory-motor status.
4 
omplications 

Postoperative complications resulting from the first procedure and

he second surgery were reviewed. 

Local complications: There was a case of loosening of the cranial

alo following a fall, which was put back in place under general anes-

hesia. A superficial sepsis at the level of the needles was objectified in
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Fig. 5. MRI of a 5-year-old child showing in sagittal section (A) the 

basilar impression secondary to the protrusion of the scale of the oc- 

cipital bone in the foramen magnum (arrow) and the compression of 

the spinal cord at the level of C1 (rarrow). The axial section passing 

through C1 (B) showed the absence of cerebrospinal fluid around the 

spinal cord (orange arrow) while the axial section passing through the 

thoracic vertebrae (C) showed a normal appearance of cerebrospinal 

fluid around the spinal cord (arrow). 
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 children, which evolved well after local care and antibiotic therapy.

o cerebrospinal fluid leaks were seen after removal of the needles. At

he level of the cervical surgical site and the graft donor area, we didn’t

ote any sepsis or disunity of the suture. 

General complications: after cranio-C1 decompression and occipito-

2 fusion in Morquio’s disease in a 5-year-old child who had flaccid

etraparesis preoperatively, a worsening of the neurological state was

oted following the occurrence of thoracic spinal cord ischemia, lead-

ng to complete paraplegia. There were no cases of vertebral artery

njury. 

iscussion 

Mucopolysaccharidosis disturbs the normal systemic endochondral

nd membranous bone growth after birth. This leads in various skeletal

mpairments, known as multiplex dysostosis, including the spine [7–9] .

he involvement of the CCJ was almost constant. It is manifested by

1-C2 instability [10] and spinal cord compression [11] at the level

f the foramen magnum and C1. The attention of the examine should
5 
e mainly focused on cervical pain or torticollis, suggestive of CCJ

nstability, progressive impairment of autonomous ambulation, postural

nstability, and fatigue and progressive weakening of upper limbs [11] .

hese elements are suggestive of a slow and progressive myelopathy

12] . Hence, the surgical management must have as an objective the

ecompression of the spinal cord and the fusion of the CCJ. A successful

usion depends on meticulous surgical planning, selection of appropriate

nstrumentation, optimizing graft for fusion, and postoperative immo-

ilization [13] . The occurrence of these disorders in young children is

 challenge for the surgeon [14] . MRI, including active dynamic flexion

nd extension scans, is the most powerful imaging technique to detect

pinal cord compression at the CCJ level in MPS patients [11–15] . In

iussani’s series, the diameter of the spinal canal was reduced at the

evel of the CCJ in 40% of patients. He was demonstrated that the most

evere spinal canal stenosis and cord compression were seen in MPS

V (33%) and MPS VI (50%) [11] . It was recommended to perform

eurological monitoring and spinomedullary MRI every year [16] .

n addition to cervical stenosis, multilevel subaxial stenosis has been

eported, especially in MPS VI, mainly due to posteriorly protruding in-
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Fig. 6. Lateral radiograph of the cervical spine performed 6 months postoperatively on a 10-year-old child (A, B and C) and another 15-year-old (D). The orange 

arrows showed the appearance of the corticocancellous graft at 6 months. Dynamic flexion (A) and extension (B) X-rays demonstrated the stability of the occipito- 

cervical junction. 
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ervertebral discs, thickened dura, and hypertrophy of the ligamentum

avum [17] . 

The therapeutic management strategy was different according to the

uthors. Surgery should take into account the growth of an immature

pine in young children [14] . The presence of neurological signs or

yelopathies on the MRI was an absolute indication for surgery [ 18 , 19 ].

or other authors, the presence of neck pain or torticollis, signs of in-

tability of the CCJ, was also an indication for surgery [ 3 , 20 ]. In our

eries, the indication for surgery was posed in the presence of a neuro-

ogical deficit, which was associated with signs of instability and spinal

ord compression on MRI. Intraoperative reduction employing a sin-

le surgical approach has been preferred by some authors [ 21–23 ], and

everal techniques have been applied for this purpose in pediatric pa-

ients [ 3 , 21 , 23 ]. Cranio-C2 stabilization with internal osteosynthesis

aterial can interfere with placement of the bone graft for occipito-

ervical fusion. Moreover, delicate and small bony structures may not

ithstand rigid instrumentation due to excessive mobility, poor bone

urchase at the time of instrumentation, and still developing ossifica-
6 
ion centers with cartilaginous interpositions [24] . This technique has

een improved over time [ 25 , 26 ]. However, these techniques were not

evoid of risks, in particular the failure of the intraoperative reduction

0-C1-C2 with a fusion in a suboptimal anatomic situation. Hence, the

ses of two-stage approach. The concept of preoperative traction tech-

iques for reduction of these malformations was not new. This tech-

ique has also been improved over time. From bed traction [27] to halo-

ravity traction [28] , we were led to progressive traction by halo-cast or

alo-vest. 

Performing spinal cord decompression and craniocervical fusion

sing the halo-cast has several advantages. This was important for

 variety of reasons. It allowed progressive occipito-vertebral decap-

tation, complete immobilization of the head and neck during po-

itioning. Anatomically and functionally, occipitovertebral fusion by

alo-cast allows the avoidance of growth disturbance, preservation

f motion, and prevention of iatrogenic injury to the ossification

one and the smooth lamina, which may be caused by wires or

crews [29] . 
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Fig. 7. CT scan of the cervical spine performed 12 months postoperatively in a 4-year-old child. The sagittal section (A) showed the normal dimension of the foramen 

magnum and the cervical canal. The orange arrows showed the aspect of the occipito-C2 arthrodesis in sagittal (A and B), coronal (C) sections and in posterior view 

in 3D (D). 
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Bone arthrodesis was optimally promoted by autologous grafts that

ave the advantages of being osteogenic, osteoinductive, and osteocon-

uctive [30] . The choice of bone graft was crucial [14] . Corticocancel-

ous graft was mechanically stronger than pure cancellous bone and was

hereby ideally suited to support multiaxial movements across the oc-

ipitocervical articulation [18] . The autologous iliac crest graft was the

ost commonly used [31] . In our series, we were used two corticocan-

ellous grafts in the form of a bagette and fixed with non-absorbable

uture at the level of the occiput and the C2 posterior arch. As with

any authors [32] , the bone dust was mixed with auto-ograft to ensure

etter fusion. Authors have used rib autografts [ 14 , 33 ] and vascular-

zed occipital bone graft [34] , with good results. It was recommended

tilization of absorbable sutures to avoid foreign material and minimize

he risk of deep infections [35] .The number of subaxial cervical levels

o be included in an occipitocervical fusion was based on the child’s

iagnosis, clinical presentation, and radiographic findings. Children

ith isolated occipitocervical instability usually undergo an occiput–C2

usion [36] . 

The halo vest was a simple and safe immobilization tool that was

idely used for treatment of craniocervical lesions [ 37–40 ]. Preopera-

ive traction stabilizes the CCJ in children with MPS and contribute to
7 
aintain the reduced position of the basilar invagination and the at-

antoaxial dislocation [41] . 

The progressive traction allows for emergency C0-C1-C2 decoapta-

ion [ 3 , 42 , 43 ], which clinically translates into an improvement in the

eurological state immediately after placement of the Halo-vest. In our

eries, 8 patients had a spectacular improvement in the neurological

tate 3 to 6 days after this first stage of care with a significant gain for

he mJOA score and Goel grade. In addition, general anesthesia with

beroptic intubation and installation in prone position were performed

afely in a child with complete muscle relaxation [36] . Flexion-extension

ovements of the cervical spine were well controlled by loosening the

alo hinges. Spinal cord decompression was performed by enlargement

f the foramen magnum, laminectomy of the posterior arch of C1 and

esection of the atlonto-occipital ligament, often adurant to the dura

ater [ 18 , 36 ]. The realization of the cranial-C2 fusion with the halo-

est seems satisfactory to us with a successful arthrodesis in all patients

nd the least risk of perioperative complications. The result of the 2-

tage procedure was considered optimal in all 21 cases in our series,

s well as that of Tirado-Caballero J et al [3] . Several limitations to

he present study need to be addressed. This report represents a retro-

pective study, single-center series and inconsistent disease type. The
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xperience of more groups was mandatory to gather enough clinical ev-

dence regarding this issue. Also, further studies were needed to analyze

he long-term effects of these craniocervical fusions when the patients

ecome adults. 

onclusion 

The 2-stage approach to CCJ anomalies in children with MPS dis-

ases was a safe, inexpensive and effective treatment. There were

everal advantages to this technique. Mainly, it allows in an emer-

ency situation the cranio-cervical decoaptation and head stabiliza-

ion in the presence of a neurological deficit. Secondarily, satisfac-

ory fusion of CCJ and good clinical results were obtained in growing

hildren. 
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