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Rigid Spine Syndrome among Children in Oman
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ABSTRACT: Objectives: Rigidity of the spine is common in adults but is rarely observed in children. The aim
of this study was to report on rigid spine syndrome (RSS) among children in Oman. Methods: Data on children
diagnosed with RSS were collected consecutively at presentation between 1996 and 2014 at the Sultan Qaboos
University Hospital (SQUH) in Muscat, Oman. A diagnosis of RSS was based on the patient’s history, clinical
examination, biochemical investigations, electrophysiological findings, neuro-imaging and muscle biopsy. Atrophy
of the paraspinal muscles, particularly the erector spinae, was the diagnostic feature; this was noted using magnetic
resonance imaging of the spine. Children with disease onset in the paraspinal muscles were labelled as having
primary RSS or rigid spinal muscular dystrophy. Secondary RSS was classified as RSS due to the late involvement
of other muscle diseases. Results: Over the 18-year period, 12 children were included in the study, with a male-
to-female ratio of 9:3. A total of 10 children were found to have primary RSS or rigid spinal muscular dystrophy
syndrome while two had secondary RSS. Onset of the disease ranged from birth to 18 months of age. A family
history was noted, with two siblings from one family and three siblings from another (n = 5). On examination,
children with primary RSS had typical features of severe spine rigidity at onset, with the rest of the neurological
examination being normal. Conclusion: RSS is a rare disease with only 12 reported cases found at SQUH during
the study period. Cases of primary RSS should be differentiated from the secondary type.

Keywords: Rigid Spine Syndrome; Rigid Spine Muscular Dystrophy; Selenoprotein; Children; Magnetic Resonance
Imaging; Oman.
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ADVANCES IN KNOWLEDGE
- Rigid spine syndrome (RSS) is common in adults but is infrequently seen among children. This study presents a large series of paediatric
patients with this rare condition in Oman.

APPLICATION TO PATIENT CARE
- The results of this study support the implementation of support groups and family counselling services for the parents and guardians of
children suffering from RSS in Oman.

- Genetic tests were available for only three patients during the study period. The development of genetic testing facilities in Oman is
recommended, for diagnosing this condition among those with a family history of RSS.

- Paediatricians and physicians should learn to recognise this rare entity, particularly as diagnosed RSS patients will require
multidisciplinary care.
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IGIDITY OR STIFFNESS OF THE SPINE IS
Kommon in adults and among the elderly
ut is rarely seen in children.? In adults,
the disease mainly results in a bent spine (forward
bending), often with a bent or drooping head. In
children, while the spine may also be bent, the head
remains upright and the neck becomes so stiff that
the child cannot look to the ground. Differences have
been noted between the underlying aetiopathology of
a rigid spine in children and adults, although the usual
causes are bone, neuromuscular and brain disorders.>*
Inheritance patterns also differ between adults and
children as the condition is generally autosomal
dominant in the former and recessive in the latter.®
The disease presents between the 4—6" decade of life
for adults and during the first decade for children.®
For adults, this condition is known as axial myopathy,
camptocormia, rigid spine syndrome (RSS) and, more
recently, paraspinal neuromuscular syndrome.*’

Rigidity of the spine is noted in the late stages
of several childhood muscular dystrophies and
myopathies. In these diseases, the rigid spine is due
to the spread of the disease to the muscles and the late
involvement of the paraspinal muscles.® This is known
as secondary RSS; a specific muscle disease is usually
the underlying cause. Rigid spinal muscular dystrophy
syndrome (primary RSS) develops when the onset of
the disease occurs in the paraspinal muscles and then
spreads to the other muscles of the body.>® In the
primary form of RSS, the muscle disease is often of
non-specific origin or is due to congenital myopathies
such as multicore disease or desmin-related myopathy
with Mallory body-like inclusions. In these cases, the
disease originates outside the dystrophin, glycoprotein
or extracellular matrix.® The muscle histopathology is
therefore non-specific as the myopathy changes with
fibro-fatty accumulation.’®** The diagnosis of RSS is
based on the clinical course of the illness as well as
biochemical, electrophysiological, histopathological,
genetic and radiological findings.

In cases of primary RSS, a magnetic resonance
imaging (MRI) scan of the spine will reveal atrophy
of the paraspinal muscles, particularly the erector
spinae.’®
recognised as the main defect in the muscles

Selenoprotein  dysfunction has been
of children with primary RSS; mutations in the
selenoprotein N1 (SEPNI) gene-related myopathy were
found to be associated with this disease and primary
RSS was mapped to the 1p35-36 chromosome in
four siblings.*?® This study aimed to report on the
characteristics of RSS among children in Oman.

Methods

Children diagnosed with RSS were enrolled in the
study consecutively at presentation between 1996
and 2014 at the Sultan Qaboos University Hospital
(SQUH) in Muscat, Oman. After their initial
presentation, the children were followed over the
study period. Children were suspected of having RSS
if there was restricted neck movement and bending of

the spine.

A diagnosis of RSS was based on the following
clinical features: an inability to look down due to
limited neck movement; restriction of overall spine
mobility and normal limb strength which did not
affect day-to-day activities; no difficulty in swallowing,
breathing or speaking; and no bone or joint
involvement. Results from biochemical tests, imaging
and muscle biopsies, as well as electrophysiological
findings, were also used to make a diagnosis. Genetic
tests were available for only three patients during the
study period. These children did not have features
of other dystrophinopathies so associated tests were
not performed.

Formal consent for inclusion in this study was
obtained from the parents or guardians of the children.
This study was approved by the Medical Research &
Ethics Committee at the College of Medicine & Health
Sciences of Sultan Qaboos University (MREC#675).

Results

A total of 12 children with RSS presented to SQUH
over the 18-year study period. Seven of these children
had been previously reported in a case series.” The
estimated prevalence of RSS in Oman was therefore
one per 170,000 of the general population or six
per one million, based on a national population of
approximately two million.!* There were nine male
and three female patients. Onset of the disease ranged
from birth to 18 months old (mean age: eight months
and five days), although the parents of one child could
not remember the exact time of disease onset. Seven
of the children (58.3%) had delayed gross motor skill
development; the remaining five patients (41.7%) had
normal milestones. A family history was noted, with
two siblings from one family and three siblings from
another (n = 5). The remainder of the patient group
were single cases (n = 7).

A total of 10 children were found to have
primary RSS (83.3%) while the remaining two had
the secondary form of the disease (16.7%). Muscle
biopsies were performed in 41.7% of the children
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Table 1: Clinical, laboratory and imaging features of children diagnosed with rigid spine syndrome (N = 12)

Disease Age at Development Age at Creatine EMG ECG Muscle Spine MRI
type onset in presentation kinase biopsy findings
months in years level* in findings
IU/L
Primary 6 N 12 94 Myo Normal Myo, fat and Muscle
collagen wasting,
hypointensity
and fibro-fatty
infiltration
Primary 6 N Not seen Not Not Not Not Not performed
performed  performed performed performed
Primary Unknown N 7 150 Myo Normal None Muscle
wasting,
hypointensity
and fibro-fatty
infiltration
Primary 18 N 5 145 Myo Normal None Muscle
wasting,
hypointensity
and fibro-fatty
infiltration
Primary 8 N 5 151 Myo Normal Patient did Muscle
not consent wasting,
hypointensity
and fibro-fatty
infiltration
Secondary' 10 Motor delay 2 856 Myo Normal Mitochondrial Normal
changes in
shape and size
Primary* 5 Motor delay 6 147 Myo Normal Non-specific Muscle
Myo wasting,
hypointensity
and fibro-fatty
infiltration
Primary 12 Motor delay 11 200 Myo Normal Patient did Muscle
not consent wasting,
hypointensity
and fibro-fatty
infiltration
Primary 15 Motor delay 9 187 Myo Normal Patient did Muscle
not consent wasting,
hypointensity
and fibro-fatty
infiltration
Primary 15 Motor delay 8 230 Myo Normal Patient did Muscle
not consent wasting,
hypointensity
and fibro-fatty
infiltration
Primary’ 6 Motor delay 10.4 123 Myo Normal Multicore Not performed
disease
Secondary At birth Motor delay 5.6 800 Myo Normal Congenital Not performed
Myo of

EMG = electromyography; ECG = echocardiography; MRI = magnetic resonance imaging; Myo = nyopathy.

“Normal range: 62—302 IU/L. " Genetically confirmed. Genetically negative.

uncertain type

(three patients with primary RSS and two with
secondary RSS). Histopathological findings were
available for five patients (three with primary RSS
and two with secondary RSS) and genetic information
was available for two children with primary RSS and
one with secondary RSS. One child with primary RSS
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was previously diagnosed with stiff person syndrome.
A summary of the clinical and imaging features of all
patients is available in Table 1.

On examination, the children with primary RSS
had typical features of severe spine rigidity although
their other neurological findings were normal. Gowers’
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Figure 1: Photograph of a child diagnosed with primary
rigid spine syndrome showing wasted neck muscles and
an inability to bend the neck. Respiratory difficulties
required him to be on nasal oxygen supplementation.

sign was negative in all 10 of these children. MRI scans
of the spine were diagnostic in cases of primary RSS.
These scans revealed typical features of muscle mass
loss in the paraspinal muscles and low signals of fibro-
fatty infiltration were seen replacing the muscle tissue.
Two children with primary RSS had non-specific
myopathy while a third child had a multicore type of
congenital myopathy. The following case may serve as
a representative example of primary RSS observed in
this study.

A 10-year-old boy with breathing difficulties and
repeated chest infections was referred to SQUH from
a peripheral hospital. Initial signs of the disease began
in the first year of life with motor developmental delay;
his parents noted that, compared to his siblings, the
child was slower in learning to sit. However, he was
able to walk by the time he was two years old and
all social and mental milestones were achieved in an
appropriate timeframe compared to his siblings. After
the age of six years, the child contracted repeated
chest infections requiring ventilatory support and
was admitted multiple times to the intensive care unit
(ICU) of a peripheral hospital. In 2014, primary muscle
disease was suspected and the patient was referred to
the SQUH ICU. On examination, the boy had normal
higher mental and cranial nerve function. However, he
had wasting of the spine muscles and could not bend
his spine or neck [Figure 1]. His intercostal muscles
were weak and he had mild difficulty in getting up,
although after standing he was able to walk normally.
All deep tendon reflexes were elicited and his serum
creatine kinase levels were normal.

Figure 2: Electron microscopy showing multicore
bodies in the muscle (arrows). This confirmed the
diagnosis of primary rigid spine syndrome.

(ECG) and an
showed normal

An  electrocardiogram
echocardiography scan results;
however, myopathy was observed in an electro-
myogram (EMG). A muscle biopsy was performed
and the diagnosis was confirmed by electron
microscopy to be a multicore disease in the form
of congenital myopathy [Figure 2]. Nicotinamide
adenine dinucleotide staining is diagnostic in RSS;
however, histochemistry and light microscopy was
not possible as the muscle biopsy had very limited
muscle tissue. Genetic testing for SEPNI was positive.
Unfortunately, an MRI scan of the spine could not
be arranged before the child was referred back to the
peripheral hospital. However, an MRI scan performed
on a similarly affected male patient revealed wasting of
the paraspinal muscles [Figure 3].

The two children with secondary RSS had mild
neck rigidity but demonstrated typical features of
the underlying disease with positive Gowers’ signs.
Both patients were female. One of the secondary RSS
patients had mitochondrial myopathy features and
was found to have mitochondrial deletion. She had
a single heterozygous mutation in the polymerase
gamma (POLG) gene (c.803G>C, p.268GLyc>Ala),
indicating POLG-related mitochondrial depletion
syndrome. Serum creatine kinase levels were
elevated in the first child and normal in the second.
The former was initially diagnosed by electron
microscopy to have mitochondrial myopathy with a
mitochondrial deletion. An EMG was myopathic and
nerve conduction was normal. The second patient had
features of congenital myopathy although the exact
type could not be ascertained. MRI scans of the brain

and spine were normal in both cases of secondary RSS.
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Figure 3: Low signal intensity magnetic resonance image of the spine in a case of paediatric primary rigid spine syndrome.
There was wasting of the back muscles of the spine, particularly the erector spinae. The muscle tissue was replaced by

fibro-fatty tissue (arrowheads).

A representative secondary RSS patient is detailed
below.

A five-year-old girl was referred to SQUH from a
local orthopaedic hospital in 2014 for an evaluation
of foot deformities. Although she had a normal birth
and mental and social milestones, her parents noted a
delay in motor skill development. On examination, the
cranial nerves were normal. Her face had a myopathic
look with jaw drop. She had proximal muscle weakness
and was positive for Gowers’ sign. She had difficulty in
bending and turning her neck fully. Both upper and
lower limb strength was grade 4/5. Bilateral mild foot
inversion with mild weak dorsiflexion of both feet was
observed. Her serum creatine kinase level was normal.
ECG and echocardiography showed no abnormal
findings. The EMG was myopathic and nerve
conduction was normal. A muscle biopsy resulted in
an initial diagnosis of congenital myopathy, awaiting
confirmation via electron microscopy.

Discussion

There are several childhood muscle dystrophies
and congenital myopathies that may present with a
rigid spine in the late stages of the primary disease.
This is due to the progression of the disease to the
paraspinal muscles and is referred to as secondary
RSS.5 In these cases, serum creatine kinase levels may
be elevated and the respiratory muscles affected in
the terminal stage of the disease.® Muscle biopsies
and genetic studies help to confirm the diagnosis of
the original disease. An MRI scan of the spine does
not show the same changes as those seen in primary
RSS.*> Of the two children with secondary RSS in the
current study, one had congenital myopathy while the
other had mitochondrial myopathy. The latter was
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found to have POLG-related mitochondrial depletion
syndrome; this mutation is pathogenic and has been
reported elsewhere.'®

In primary RSS, the disease starts in the paraspinal
muscles and then spreads to the other muscles.®
Serum creatine kinase levels and echocardiography
scans are usually normal in these children.”® There
is no proximal weakness at the onset of the disease
and the diagnosis is usually made by features of spine
stiffness, an inability for the patient to bend their neck
and imaging evidence of the loss of muscle mass in the
erector spinae muscles.” Primary RSS appears to have
a genetic basis as mutations in the SEPNI gene have
been found to be associated with primary RSS, with
four siblings mapped to the 1p35-36 chromosome
bands.”!®* However, in a previous cases series of seven
children with RSSin Oman, SEPN testing was negative
in one patient.® In the current study genetic testing
for SEPN1I for one patient was positive. Primary RSS
among children is rarely reported in the literature.'>*?
A regional genetic factor may be responsible for the
number of primary RSS cases observed in this current
single centre study from Oman.

Differential diagnosis of secondary RSS is not
difficult as the underlying primary condition often
dominates the clinical picture. However, primary RSS
needs to be differentiated from other rare conditions
such as X-linked Emery-Dreifuss muscular dystrophy,
generalised dystonia and stift person syndrome.'>"” In
cases of Emery-Dreifuss muscular dystrophy, there
is proximal wasting of the upper limb muscles with
contractures and early cardiac involvement. Serum
creatine kinase levels are high and an ECG usually
shows abnormal findings.!”® Muscle biopsies and
genetic testing are used to confirm the diagnosis.
Dystonia can be differentiated from RSS due to the
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rigidity of the entire body—as opposed to the localised
stiffness seen in RSS—and abnormal posture.!” Stiff
person syndrome may be the initial diagnosis given in
cases of primary RSS; indeed, one of the patients in the
current study was initially diagnosed with stiff person
syndrome while abroad. Generalised body stiffness
involving even the abdominal muscles helps in making
the correct diagnosis. Stiff person syndrome is very
uncommon in children.”

Physiotherapy and occupational therapy are the
main treatments currently available for RSS. The early
involvement of the respiratory muscles in children
with primary RSS can be rapid and fatal. In these cases,
prompt respiratory care with pulmonary bi-level
positive airway pressure non-invasive ventilation—a
common mode of respiratory support for patients
with respiratory muscle weakness—can prolong
life expectancy.’®

A possible limitation of this study was the fact
that histopathological and genetic testing was only
performed for a few patients. Further studies are
recommended to confirm the histopathological and
genetic findings of cases of paediatric RSS in Oman.
The development of local advanced genetic facilities
is recommended.

Conclusion

This study aimed to report on cases of RSS among
children in Oman. Only 12 children who presented to
SQUH during the 18-year study period were reported
to have this condition. A total of 10 patients were found
to have primary RSS while the remaining two had the
secondary form of the disease. As the two forms of this
disease have different aetiologies, cases of primary RSS
should be differentiated from the secondary type.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

References

1. Serratrice G. Axial myopathies: An elderly disorder. Acta Myol
2007; 26:11-13.

2. Oerlemans WG, de Visser M. Dropped head syndrome
and bent spine syndrome: Two separate clinical entities or
different manifestations of axial myopathy? ] Neurol Neurosurg
Psychiatry 1998; 65:258—9. doi: 10.1136/jnnp.65.2.258.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Azher SN, Jankovic J. Camptocormia: Pathogenesis,
classification, and response to therapy. Neurology 2005;
65:355-9. doi: 10.1212/01.wnl.0000171857.09079.9f.

Lenoir T, Guedj N, Boulu P, Guigui P, Benoist M. Campto-
cormia: The bent spine syndrome, an update. Eur Spine J 2010;
19:1229-37. doi: 10.1007/s00586-010-1370-5.

Koul R, Al-Yarubi S, Al-Kindy H, Al-Futaisi A, Al-Thihli K,
Chacko PA, et al. Rigid spinal muscular dystrophy and rigid
spine syndrome: Report of 7 children. J Child Neurol 2014;
29:1436-40. doi: 10.1177/0883073813479173.

Mahjneh I, Marconi G, Paetau A, Saarinen A, Salmi T, Somer H.
Axial myopathy: An unrecognised entity. ] Neurol 2002;
249:730—4. doi: 10.1007/s00415-002-0701-9.

Clovstok T, Hirano M. Clinical summary: Paraspinal
neuromuscular syndromes. From: www.medlink.com/cip.
asp?UID=mlt002qb&src=Search&ref=41623889 Accessed:
Mar 2015.

Dubowitz V. 50th ENMC international workshop: Congenital
muscular dystrophy - 28 February to 2 March 1997, Naarden,
The Netherlands. Neuromuscul Disord 1997; 7:539-47.

Flanigan KM, Kerr L, Bromberg MB, Leonard C, Tsuruda J,
Zhang P, et al. Congenital muscular dystrophy with rigid
spine syndrome: A clinical, pathological, radiological, and
genetic study. Ann Neurol 2000; 47:152—61. doi: 10.1002/
1531-8249(200002)47:2<152::AID-ANA4>3.0.CO;2-U.

Reed UC. Congenital muscular dystrophy: Part I - A review of
phenotypical and diagnostic aspects. Arq Neuropsiquiatr 2009;
67:144—-68. doi: 10.1590/S0004-282X2009000100038.

Isozaki E, Fujimoto Y, Kawata A, Matsubara S, Hirai S. [Clinical
and myopathological studies on rigid spine syndrome.] Rinsho
Shinkeigaku 1996; 36:1136—42.

Schara U, Kress W, Bonnemann CG, Breitbach-Faller N,
Korenke CG, Schreiber G, et al. The phenotype and long-
term follow-up in 11 patients with juvenile selenoprotein N1-
related myopathy. Eur ] Paediatr Neurol 2008; 12:224-230.
doi: 10.1016/j.€jpn.2007.08.011.

Sponholz S, von der Hagen M, Hahn G, Seifert ], Richard P,
Stoltenburg-Didinger G, et al. Selenoprotein N muscular
dystrophy: Differential diagnosis for early-onset limited
mobility of the spine. ] Child Neurol 2006; 21:316-20.
doi: 10.1177/08830738060210041401.

National Centre for Statistics & Information. Population Clock.
From: www.ncsi.gov.om/Pages/NCSLaspx Accessed: Mar 2015.

Escolar DM, Leshner RT. Muscular dystrophies. In: Swaiman
KEF, Ashwal S, Ferriero DM, Schor NEF, Eds. Swaiman'’s Pediatric
Neurology: Principles and practice. 5th ed. Philadelphia,
Pennsylvania, USA: Saunders, 2012. Pp. 1570-606.

Di Fonzo A, Bordoni A, Crimi M, Sara G, Del Bo R, Bresolin
N, et al. POLG mutations in sporadic mitochondrial disorders
with multiple mtDNA deletions. Hum Mutat 2003; 22:498-9.
doi: 10.1002/humu.9203.

Munhoz RP, Moscovich M, Araujo PD, Teivi HA. Movement
disorders emergencies: A review. Arq Neuropsiquiatr 2012;
70:453-61. doi: 10.1590/50004-282X2012000600013.

Hill NS. Ventilator management for neuromuscular dieases.
Semin Respir Crit Care Med 2002; 23:293-305. doi: 10.1055/s-
2002-33038.

| 369


http://dx.doi.org/10.1136/jnnp.65.2.258
http://dx.doi.org/10.1212/01.wnl.0000171857.09079.9f
http://dx.doi.org/10.1007/s00586-010-1370-5
http://dx.doi.org/10.1177/0883073813479173
http://dx.doi.org/10.1007/s00415-002-0701-9
http://dx.doi.org/10.1002/1531-8249%28200002%2947:2%3C152::AID-ANA4%3E3.0.CO%3B2-U
http://dx.doi.org/10.1002/1531-8249%28200002%2947:2%3C152::AID-ANA4%3E3.0.CO%3B2-U
http://dx.doi.org/10.1590/S0004-282X2009000100038
http://dx.doi.org/10.1016/j.ejpn.2007.08.011
http://dx.doi.org/10.1177/08830738060210041401
http://dx.doi.org/10.1002/humu.9203
http://dx.doi.org/10.1590/S0004-282X2012000600013
http://dx.doi.org/10.1055/s-2002-33038
http://dx.doi.org/10.1055/s-2002-33038

