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» Congenital scoliosis (CS) is a spinal deformity resulting from underlying spinal

malformations with an incidence of 0.5-1/1000 births.

e CS makes up 10% of scoliotic deformities, of which 25% do not progress, 25% progress
mildly and 50% need treatment depending on the age, curve characteristics and

magnitude and type of anomaly.
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e CSis associated with non-vertebral anomalies (genitourinary, musculoskeletal, cardiac, ribs
anomalies, etc.) and intraspinal anomalies (syrinx and tethered cord).

* Imaging should include whole spine X-rays, CT scanner with reconstruction to better
delineate the vertebral anomalies and MRI to visualize the neural elements.

e Treatment of CS in the majority of cases is non-surgical and relies on fusion techniques (in

situ fusion and hemiepiphysiodeis), resection techniques (hemiverterba resection), and
growth-friendly techniques (distraction and instrumentation without fusion).
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Introduction

Congenital scoliosis (CS) is a spinal deformity resulting
from underlying spinal malformations (1). Its progressions
and treatment vary depending on the patient’s and the
curve’s characteristics (1). The causes of these congenital
spinal abnormalities are still unclear, but it has been
reported that there is a risk of 5-10% of CS for siblings of
a patient presenting multiple vertebral anomalies; hence,
the speculation about genetic factors (2). This narrative
review will shed the light on available evidence regarding
this pathology and propose a management algorithm for
this rare disease.

Prevalence and etiologies

CS has an incidence of 0.5-1/1000 births worldwide (3,
4,5, 6, 7). However, many asymptomatic cases do not get
diagnosed until a radiograph is taken which incidentally
shows a congenital vertebral malformation (CVM) (7).
CS makes up 10% of scoliotic deformities (8), of which
25% do not progress, 25% progress mildly and 50% need
treatment (9).

On the embryologic level, somites originate from the
paraxial mesenchyma in the trilaminar germ disk. They
contain precursor cells for structures such as the spine
and the striated musculature of the trunk. Somitogenesis

occurs between day 20 and day 35 after conception and
disruptions of this mechanism contribute to CVM leading
to CS (5). The process involves signaling pathways such as
Notch1, FGF, HOX and Wnt (3, 10, 11).

Due to the association of CS with a great number of
congenital syndromes such as CHARGE, Klippel-Feil
and VACTERL (6, 11, 12, 13, 14), multiple genetic factors
are thought to contribute to CS. Cases where one of
two monozygotic twins presents CVM while the other
is asymptomatic have been seen and have proven the
additional influence of environmental factors (9, 10, 15).

The genetic causes are poorly understood but exome
sequencing proposed potentially associated genes. It
has been shown that a compound inheritance of a null
mutation and a hypomorphic allele of the T-box 6 (TBX6)
gene is responsible of 10% sporadic CS (16). Further
studies expanded the mutational spectrum and improved
the molecular diagnostic rate (17). In addition, LFNG
mutations have been linked to CVM, potentially causing
a spectrum of presentations which include CS and SCD
(spondylocostal dysostosis) (5). An autosomal dominant
trait pattern has also been identified for CS in the FBNT
gene which is also known to cause Marfan syndrome and
a series of other syndromes with skeletal dysplasia. FBN1
could potentially be responsible for monogenic CS (18).
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Many other genes are listed in the literature as related to
CVM and should be further studied. Other congenital
factors associated with CS are connective tissue disorders
such as Beals or Marfan syndrome, congenital muscular
dystrophies, hypotonia, spinal cord malformations and
leg length discrepancy (7).

Environmental causes may play an important role in
the pathogenesis of CS. Many expositions were found
to contribute to CS including gestational diabetes (6,
19), hypoxia (6) and carbon monoxide exposition during
somite formation from cigarette smoke, inducing hypoxia
and reactive oxygen species (6, 19). Moreover, prolonged
febrile states and hyperthermia exposing the fetus to high
temperatures (6, 8, 19) are also responsible for CVM.
Same goes for the treatment with antiepileptics, (19)
such as valproic acid (6), and with alcohol intake which is
related to Klippel-Feil syndrome (7). Environmental toxins
such as boric acid (10) and teratogenic factors, cancer and
tumors of the spine (11, 20) have also been correlated to
CVM. As opposed to idiopathic scoliosis, endocrine factors
have not been shown to cause CS (15). CS is also related
to rickets and malnutrition as well as vitamin deficiency
(10, 21).

There are many non-vertebral anomalies associated
with CS, such as genitourinary (22), musculoskeletal
(1), cardiac (23) and rib anomalies (24). Thus, tit is
important to perform renal and cardiac ultrasound/
MRI (23, 25), musculoskeletal evaluation (26) and vital
capacity screening (because the lung function may be
compromised by an association between the rib and
vertebral anomalies) (25) in these patients. The presence
of these defects will not influence the progression of the
vertebral abnormalities, but they might affect the surgical
intervention (27).

Diagnosis and classification

The diagnosis should begin by a careful family history
review (20). Obstetrical history must also be reviewed
along with existing fetal imaging in order to explore any
pre-birth vertebral defect (20). Maternal health problems
and use of substances and medications should also be
noted (20).

Physical examination consists of cognitive assessment
(20), height and weight examination, skin evaluation, a
neurological exam, and an assessment of pelvic and truncal
balance, along with a search for anatomical deformities in
the spine and asymmetry in upper and lower limbs (28). A
very important part of the evaluation of the CS patient is
the assessment of thoracic insufficiency syndrome which
is evaluated by the thumb excursion test.

Imaging studies starts with anteroposterior (AP) and
lateral plain X-rays to measure the curve’s Cobb angle
in order to evaluate the CS and study its progression
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(Fig. 1) (19). CT scans and 3D CTs are used to evaluate the
anatomy in order to find bony abnormalities and study if
thoracic insufficiency syndrome (19) is present. Intraspinal
anomalies are frequently associated with CS with the most
common abnormality being syrinx, diastematomyelia
and tethered cord (Fig. 2) (23). They are more frequent
in patients with failures of segmentations with a
preponderance in women (29) and also in patients with
rib anomalies (24). Due to this high incidence rate, MRIs
must be performed on CS patients prior to any surgical
intervention (23). Tethered cord should be addressed
before scoliosis surgical correction (Fig. 2) (1). Indicators
of these abnormalities can be neurocutaneous markers or
reflex anomalies (1).

The vertebral anomalies may beisolated orin association
with other syndromes like the VACTERL syndrome (30). In
order to classify all of the different vertebral abnormalities,
they are first sorted into scoliosis caused by longitudinal
imbalance and scoliosis caused by rotational imbalance
(31). The latter is divided into spinal traction anomalies,
spinal pushing anomalies and mixed anomalies (31). The
longitudinal imbalance group is divided into four groups
which are scoliosis caused by: failure of segmentation,
failure of formation, mixed defects and complex
unclassifiable defects (27, 32, 33). Failure of formation

Figure 1

Full spine X-ray of a patient with hemivertebra and a 35°
scoliosis measured by the Cobb technique.
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Figure 2

Myelogram of a patient with CS showing doubled dural sac.
Intraoperative finding of diasteatomyelia with a bony spur.

consists of wedged vertebra, hemivertebra with different
levels of segmentation and hemivertebral body (Fig. 3)
(31). Failures of segmentation consists of vertebral block or
unilateral longitudinal bar (31) which may act as a growth
tether (25). Hemimetameric shift is the resulting balance
due to the presence of two contralateral hemivertebras set
apart by one normal vertebra (Fig. 4) (1). These different
anomalies usually are on the apex of the curve with the
hemivertebra being the most frequent (29).

Natural history

Progression is related to the asymmetry of growth
comparing the convex and concave sides of the curve and
this development occurs more frequently on the convex
side (34). As a matter of fact, 50% of the curves progress
quickly, whereas 25% progress slowly and the remaining
25% do not progress at all (33). Progression occurs in
the ‘normal’ disc spaces, whereas the fused segments do
not progress. This progression speed depends on the age
of the patient, the location of the apex, the type of the
anomaly and the curves' characteristics (1, 33).

1. Age: The progression is fastest before the age of 5
and in the growth spurt during adolescence (age
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between 11 and 14) (19). Curves that are clinically
present before the age of 10 have a poor prognosis
due to their growth potential (27) and if deformities
are evident during the first year of life, then the worst
prognosis must be predicted (25).

2. Location of the apex: Curves in the upper thoracic
area have the slowest progression, whereas in the
midthoracic area it is more rapid and the fastest
progression is in the thoracolumbar region (35) and
this may be a consequence of the presence of the
thoracic cage and/or the difference of pressure in
these two locations.

3. Type of the anomaly: The worst prognosis is the
association of unilateral bar with contralateral
hemivertebra, whereas the complete block vertebra/
incarcerated hemivertebra is the most benign
for progression (1). A completely segmented
hemivertebra surrounded by healthy disc spaces
predict a higher progression (1), and if there is more
than one hemivertebra present, progression rate may
be faster (34). In hemimetameric shifts, progression is
also possible (36), mostly in the thoracolumbar region
(37). Finally, a bar or a fused rib can simulate a tether
and accelerate the curve progression (25).

4. Curves’ characteristics: the presence of two unilateral
curves causes a deep malformation, whereas
contralateral curves may contribute to balance the
spine (27). If the curve’s Cobb angle is less or equal to
25°, then progression is unlikely (20). Regarding the
unilateral unsegmented bar, the progression is also
influenced by the bar’s extent (35).

Imaging and follow-up

AP and lateral plain X-rays are the gold standard modality
for confirming the diagnosis, classifying the anomaly and
following up on the curve progression (22). Radiographs
can be taken supine if patient is diagnosed before
walking age. The Cobb-Lipmann technique used for
measuring the curve severity in idiopathic scoliosis is the
gold standard in CS for angle evaluation (22). It consists
of measuring the angle between the lines drawn from

s
%

Figure 3

Drawing showing the types of vertebral
anomalies: (A) Failure of formation (A1:
semisegmented; A2: fully segmented; A3:
wedge vertebra), (B) failure of
segmentation (B1: Bar; B2: Vertebral block)
and (C) mixed deformities.
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Figure 4

3D reconstruction of a CT scanner of a 21-year-old female
showing a congenital scoliosis with several hemivertebreas and
vertebral blocs and bars. Nonetheless, the patient has a good
coronal balance thanks to hemimetameric shift.

the upper endplate of the upper vertebrae and lower
endplate of the lower vertebrae (Fig. 1) (22). The pedicle
method proposed in skeletally immature patients was not
found to be more accurate (26). Since maximum spinal
growth occurs in the first 3 years and during puberty,
sequential weight bearing radiographs every 6 months
are recommended during these two phases to monitor
curve progression (33).

Plain radiographs can be difficult to interpret with
superimposed structures and the patients’ small size. CT
scan’s clinical use is limited by cost, radiation exposure
and postural changes on curve (38). However, a 3D
reconstruction is essential in preoperative planning to
assess posterior anatomy of the spine and uncover up
to 50% of additional abnormalities unexplored on plain
radiographs (Fig. 4) (39). Several studies showed that
the use of a 3D CT can change the classification of the
defect, specifically in hemivertebra defects; thus altering
the clinician’s course of action. Therefore, we recommend
the use of 3D CT scan to evaluate failure of formation
anomalies prior to instrumentation or osteotomies of the
spine. Thus, CT is best used in complex deformities in
which X-rays are difficult to interpret and for preoperative
planning and not for follow-up. Finally, lung volume
calculations can be obtained and correlated to lung
function in patients presenting with CS (40).
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Spinal dysraphism is associated with CS with
a varying prevalence of 17-37% regardless of
neurological symptoms on physical examination

(41). When a corrective surgery is planned or in the
presence of anomalies on neurological examinations,
MRI is recommended to screen for common forms of
dysraphism: diastematomyelia, syringomyelia, tethered
cord, dural bands, cysts and tight filum terminale (42).

CS can be associated with up to 20% of urinary tract
malformations (43). This warrants a renal ultrasound to
every patient diagnosed with CS regardless of symptoms
at presentation. If patient is undergoing a spine MRI,
the renal ultrasound may be replaced with abdominal
MRI for urinary tract evaluation (44). Also, a systematic
cardiac assessment should be performed to all patients
diagnosed with CS, with echocardiography if any
anomaly is suspected or routinely before a programmed
procedure (30).

Non-surgical management

CS englobes an array of abnormalities with varying
patterns of presentations and progression. The
complexity of the disease makes its management difficult
and variable. The ultimate goal of treatment whether
its observation or surgery should be preventing curve
progression while achieving spinal balance. In order to
achieve these goals, and as mentioned above, the age at
presentation, deformity location and nature are taken into
consideration.

The term ‘congenital’ can be misleading as
deformities may be present at birth but abnormal
curvature may or may not be evident on physical
examination (20). The time of presentation is important
since curve progression is linked to spinal growth (33).
Therefore, an abnormal curvature presenting at a young
age is more likely to progress and should be managed
until after skeletal maturity.

As previously said, over 70% of CS progresses
aggressively with a need for surgery. However, it is known
that certain deformities such as bloc vertebra and wedged
hemivertebra can be managed conservatively. Patient
should be followed up frequently in his first 5 years of
life (every 6 months till age of 4 then once a year before
puberty) and during pubertal growth (every 6 months).
Congenital curves are usually rigid and inflexible which
makes primary bracing concealed. Bracing could be
advised for compensatory curves.

After balancing the above factors, the ideal indications
for corrective or prophylactic surgery are: unilateral
bar with or without contralateral hemivertebra, a curve
magnitude more than 40° and deformities showing
aggressive progression presenting before 5 years of age.

www.efortopenreviews.org



EFORT Open relieuls

Surgical management

Four surgical principles are applied in CS: fusion with or
without instrumentation, convex hemiepiphysiodesis,
vertebrectomy in case of hemivertebra and rib
distraction (45).

In situ fusion

In situ fusion is generally done by a posterior approach.
Exposure must be performed with caution because
failure to recognize posterior laminar subtle defect can
lead to neurological injuries. After exposure, imaging
radiograph confirms the abnormal vertebra because
the hemivertebra or bar seen anteriorly on X-rays may
not have corresponding or easily recognizable posterior
elements with the fusion extending one level above and
below the deformity with postoperative bracing (46).
Correction with fusion is limited to 10° extending to 15°
with instrumentation (47). Instrumentation can decrease
bracing time and increase correction pre operatively with
the same neurological complication rate postoperatively
(48). Ruf et al. showed the possible use of pedicle screws
in a pediatric population with 1 year of age (49). However,
correction is lost over time due to fusion mass bending
phenomenon and pseudarthrosis (50). An isolated
posterior approach conserves anterior growth potential
leading to vertebral rotation progression and crankshaft
phenomenon (50, 51). Kesling et al. showed that 15%
of 54 patients under the age of 10 years, who underwent
posterior in situ spinal fusion had crankshaft phenomenon.
They reported that it was also positively correlated with
earlier surgery and curves greater than 50° (52). An
anterior release with diskectomies can provide a more
solid arthrodesis and avoid crankshaft phenomenon (51).
Multi-level arthrodesis at a young age is known to limit
lung development and decrease vital capacity (48). In situ
fusion is recommended as a prophylactic procedure at a
younger age for progressive non-deforming curves with
less than 40° angles, extending along a short segment.

Convex hemiepiphysiodesis

The rationale behind the procedure is arresting the growth
potential of the convex side of the curve. The same principle
commonly employed for deformity of growing long bones
is applied: convex hemiepiphysiodesis slows convex side
growth, while concave curve still grows, allowing for safe
progressive deformity. The surgeon should remove the
lateral halves of the disks and fuse the vertebras together
anteriorly and posteriorly (53). The condition for this
method is the convex side having a growth potential (a
patient young enough for significant correction to occur
(age <6 years)). This means the procedure is pointless
with a unilateral block vertebra deformity and perfect
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for a fully segmented hemivertebra anomaly (53). The
discrepancy of growth potential created between the
concave and convex side should reestablish the balance
in the deformed segment. Ideally, this technique extends
one level above and below the deformity without exposing
the concave side of the curve. Some studies showed
this technique to provide 15° of correction, while other
studies showed no correction (53, 54). Uzumcugil et al.
showed the unpredictable character of the procedure with
correction rates varying from 20% to 70% of the cases
(55). Rizkallah et al. showed promising results using
this method with an overall mean correction of the Cobb
angle by 35.47% with a better correction rate in patients
less than 3 years of age having an isolated hemivertebra
with curves less than 35° (56) (Fig. 5). Walhout et al.
reviewed the ideal indications for an hemiepiphysiodesis:
fully segmented hemivertebra, age less than 5 years, a
short segment of a maximum of five vertebras and a less
than 70° curve without a major kyphotic component (57).

Hemivertebra excision

The method consists of removing the hemivertebra and
adjacent disks with its respective lamina and pedicles in
the event of severe truncal imbalance (58). An excision
through a posterior approach or sequential posterior and
anterior approach is indicated (58). Studies showed a
superior curve correction of this method compared to in
situ fusion and hemiepiphysiodesis (58). Both approaches
have similar neurologic complications with varying rate
of 10—20% (58). The posterior approach requires more
expertise but presents with shorter surgery time and
hospital stay (59). Thespinal cordinthelumbarregionisless
susceptible to manipulation which makes this procedure
more convenient in the thoracolumbar and lumbar region
(60). Several studies showed correction rates of up to 40°
(61). Hemivertebra excision is recommended in the case
of a hemivertebra preferably in the lumbar region with a
curve more than 40° (Fig. 6).

Rib distraction

When vertebral anomalies are associated with multiple
rib fusion or absence, thoracic insufficiency syndrome
can develop (62). Halting of the lung growth due
to loss of thorax compliance can lead to respiratory
complications and eventually death (62). To overcome
these complications even before the appearance of thorax
insufficiency syndrome, rib distraction can be used (62).
The procedure mainly consists of multiple open
wedge thoracotomies followed by insertion of vertical
expendable prosthetic titanium rib devices (63). The
devices are hooked around the second and third rib
and caudally around the last ribs, in the lumbar spine,
sacral spine or pelvis. Distraction is then performed
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along the concave side of the curve at an interval of
5-6 months preventing curvature progression (63).
Several studies showed the improvement of truncal
balance, Cobb angle and tilting of the spine with
the use of vertical expandable prosthetic titanium rib
(VEPTR) (64, 65, 66). However, the pulmonary results
are controversial with chest wall compliance declining
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Figure 5

A/P dorso-lumbar X-rays of a patient with
L3 hemivertebra operated of anterior and
posterior convex hemiepiphysiodesis in the
preoperative setting and at 1 year, 3 years,
10 years and 18 years postoperatively.

postoperatively in contrast to vital capacity and lung
volumes improving (67).

The procedure presents with high rate of neurological
complications of 7% with brachial plexus palsy being the
most common (68). Rib and lamina fractures, infection and
lesions are also common events (68). Device ossification
can be seen postoperatively which leads to severe loss

Figure 6

(A) Full Spine X-ray showing a lumbar
scoliosis with a Cobb angle of 45°. (B)
Coronal T2-weighed MRI showing a right
hemivertebra (fully segmented with the
disc above and non-segmented below).
(©) Full spine X-ray showing 90%
correction of the scoliosis with the
hemivertebra resection and L4 to iliac
fusion.

www.efortopenreviews.org



EFORT Open relieuls

of chest compliance (68). The use of this procedure may
remain as a last resort to thoracic complications in CS not
manageable by more conventional methods.

Instrumentation without fusion

The rationale behind this technique is to preserve the
growth potential of the spine while limiting the curve
progression (69). The ultimate aim is gaining spinal
length in order to have normal pulmonary function.
This technique is used for long segments deformities.
Rods are attached by interconnectors and fixed above
and below the curve by hooks and local fusion (69).
Lengthening occurs every 4—6 months until definitive
fusion is decided (69).

Dual rod technique is recommended in place of
single-rod technique for being a more solid construct
and superior at correction (70). Studies showed that
growing rods can improve Cobb angle with a varying
rate of 20-50% (71, 72). In terms of growth potential, it
is established that repeated lengthening can halt growth
due to auto fusion phenomenon (73, 74). In addition to
growth inhibition, this technique inhibits several implant-
related complications with rates up to 50% in some
studies (73, 74). Another problem with growing rods
are frequent procedures and radiation exposure due to
repeated X-rays (75, 76). Noninvasive alternatives have
been proposed, such as magnetic lengthening with not
enough studies concerning long-term results (75, 76).
Ultrasound surveillance have also been proposed to
monitor lengthening.

Corrective osteotomies

Vertebral column resection involves removing segments
of the spine including the body of the vertebra and the
posterior elements, which include the lamina, transverse
process and ribs with instrumentation (77). This can
all be done from a posterior or combined anterior and

v

CA =z 40°
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posterior approach (77). This salvage procedure is
indicated in case of rigid residual curve, neurological
deficits and failure of other conventional methods (78).
The reconstructive osteotomy aims to restore truncal
balance by shortening the spine and removing previous
fusion masses. A case series showed an average operation
time of 546 min, average blood loss of 1650 mL and a
correction rate in congenital deformities of 46% of the
Cobb angle (79). Other studies showed a correction rate
of 62 and 8% neurological complications and 2% spinal
cord injury (80).

Treatment algorithm

Based on this review, we propose the following algorithm
for the treatment of CS (Fig. 7). The main criteria for the
selection of optimal treatment are the patient’s age, the
Cobb angle magnitude and the type of malformation.
Although VEPTR procedures may be used in patients as
early as 6 months and up to skeletal maturity, it is better
to wait until age >3 years old for stronger fixation points
on the ribs. The only exception to use VEPTR thoracic
expansion technique in children below 2 years of age
are: CS with absence or fused ribs (type Il) and especially
if the deformity combines with thoracic insufficient
syndrome (TIS).

In summary of this algorithm, closer follow-up should
be done at younger age, growing techniques should
be preferred until skeletal maturity and definitive fusion
techniques should be done after the age of 10 years.

Conclusion

In conclusion, CS is a wide spectrum disease. It could
range from a balanced disease with a very low risk of
progression to an aggressive and rapidly progressive
one. One should keep in mind the high rate of intracanal
anomalies associated with CS. Non operative treatment
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usually fails in this group of patient and surgical treatment
should be tailored according to the age, curve magnitude
and malformation type.
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