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Abstract
Our objective was to review surgical treatment options and outcomes for cervical kyphosis in patients with Larsen syndrome. Cervical
kyphosis in patients with Larsen syndrome may lead to paralysis or death from spinal cord impingement at the apex of kyphosis. Proper
screening and early diagnosis followed by operative stabilization have been recommended. We reviewed the literature for surgical treatment
of cervical kyphotic deformity in patients with Larsen syndrome. We retrospectively reviewed medical records and used illustrative case
examples to demonstrate the scenarios and treatments. Over the past 23 years, we have surgically treated many patients with Larsen
syndrome who had cervical kyphosis. We have several patients who were treated initially elsewhere with posterior spinal fusion, but who
required revisions for cervical kyphoses because of progression of the deformity or spinal cord impingement. This report discusses 3
illustrative patients presenting with cervical kyphoses associated with Larsen syndrome, who were initially treated with posterior spinal
fusions at a young age, but required an anterior or posterior spinal fusion as a second procedure to correct non-improving progression of the
deformities and spinal cord impingement. Cervical kyphosis in Larsen syndrome is a rare condition that can progress to cervical stenosis
and spinal cord impingement, which may lead to paralysis or death. Several patients who were treated initially with posterior spinal fusion
only required revision surgeries.
� 2012 Scoliosis Research Society.
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Introduction

Larsen syndrome was first described in 1950 as a
syndrome of congenital skeletal dysplasia manifested by
anomalous facial features (prominent forehead, depressed
nasal bridge, and wide-spaced eyes); ligamentous laxity;
multiple joint dislocations; and foot, hand, and spinal
deformities [1]. Associated anomalies have been reported,
including cleft palate, tracheomalacia, laryngomalacia,
respiratory distress, cardiac defects, and mental retardation
[2,3]. The disorder has been described as an autosomal
dominant inheritance, an autosomal recessive inheritance,
or missense mutation of the filamin B gene on chromosome
3 [4]. The severity of symptoms varies among patients.
Spinal deformities are common in patients with Larsen
syndrome and can include spina bifida, hypoplasia of
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vertebral bodies, thoracolumbar scoliosis, atlanto-axial
instability, basilar impression, cervical kyphosis, and
anteroposterior dissociation [2,5e9]. Cervical kyphosis is
of particular concern because of the potential for fatal
impingement of the apex of the deformity on the spinal
cord.

Few patients with this condition have been reported in
the literature. We found 8 articles reporting the surgical
treatment and outcomes for cervical kyphosis in patients
with Larsen syndrome. The largest article, by Johnson et al.
[9], reported 5 cases. One additional article reported 3
cases, another reported 2 cases, and the others reported 1
case each. According to the largest series, by Johnson et al.,
posterior spinal fusion only is recommended in young
patients. Posterior spinal fusion has been indicated as a
means of providing cervical spine stability while permitting
the growth of anterior spinal elements to spontaneously
correct the deformity after surgery.

Four articles reported the outcomes of patients after
posterior spinal fusion for the treatment of cervical
kyphosis. One article reported 4 patients, 1 article reported
2 patients, and 2 articles reported 1 patient. Half of the
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patients reported failed to improve. They had progressive
kyphosis with neurological deficits, and required additional
operations.

We have surgically treated several patients with this
deformity at our institution. Two patients (Cases 1 and 3)
included in this report had initial posterior spinal fusion at an
outside institution and required a revision at our institution.
Case 2 involves a single young patient who had initial
posterior spinal fusion at our institution and required revi-
sion because of progression of the deformity. These cases
support our hypothesis that posterior spinal fusioneonly
surgery may be inadequate, and combined anterior and
posterior spinal fusion may be a better treatment strategy.

Results

We reported 3 case examples, of which all patients were
treated initially with a posterior spinal fusion, failed to
improve, and thus required additional treatment for cervical
kyphosis.
Case 1
Fig. 1. Cervical spine radiographs and MRI of a 9-year-old girl diagnosed

with Larsen syndrome. (A) Preoperative lateral cervical spine radiographs

showed previous posterior spinal fusion with wiring, severe cervical

kyphotic deformity with spinal cord impingement, and spinal cord signal

abnormality. (B) Postoperative cervical radiographs and MRI showed

a decrease in the kyphotic deformity after corrective osteotomies, verte-

brectomy, anterior cervical plate fixation, and halo application.
A 9-year-old girl diagnosed with Larsen syndrome pre-
sented to our outpatient clinic with a previously operated
cervical kyphosis at another institution. At 3 years of age,
this patient underwent a posterior spinal fusion with poste-
rior wiring for a 79� cervical kyphosis. Fusion and cable
fixation of the posterior elements of C4eC7 were noted on
radiographs. Although the patient was asymptomatic,
magnetic resonance imaging (MRI) of the cervical spine
revealed a cord signal abnormality and cord compression
that increased with flexion (Fig. 1A). On presentation to our
hospital, the kyphosis had progressed to 87�, with the
vertebrae severely impinging upon the spinal cord. We
removed her previous wiring and performed corrective
osteotomies and an anterior partial vertebrectomy (kyphec-
tomy), followed by an anterior fusion using tricortical
structural iliac crest autograft. We used anterior cervical
plate fixation with halo stabilization. We detected no
neurological deficits intraoperatively or postoperatively. At
the 2-year follow-up, the patient was asymptomatic with
kyphotic deformity of 14� and the fixation was stable
(Fig. 1B).
Case 2
The 18-month-old brother of Patient 1 presented to our
orthopedic clinic with Larsen syndrome and an associated
67� cervical kyphosis, narrowing of the spinal canal, and
hypoplastic vertebral bodies located in the mid-cervical
spine (Fig. 2A). We treated the patient with a posterior
spinal fusion from C2 to C6, using iliac crest bone graft and
halo stabilization. We detected no neurological abnormal-
ities intraoperatively or postoperatively. An MRI taken
14 months postoperatively showed a kyphotic progression
to 110� with an abnormal signal in the spinal cord
(Fig. 2B). The patient underwent a second procedure
involving anterior decompression, partial vertebrectomy
with fusion using tricortical structural iliac crest autograft,
and allograft bone graft reconstruction and anterior cervical
plate fixation. No neurological abnormalities occurred
intraoperatively or postoperatively. At an 18-month follow-
up visit after the second procedure, we noted no abnormal
neurological findings or progression of the kyphotic
deformity. The cervical kyphosis decreased to 28� at last
follow-up (Fig. 2C).
Case 3
A 28-month-old boy with Larsen syndrome presented to
our outpatient clinic for a second opinion regarding a
cervical kyphotic deformity at the C4eC6 level. His
medical history was significant for a cervical spine lam-
inectomy and posterior spinal fusion only performed at an
outside institution when he was 18 months old. The
preoperative kyphosis measured 65� with no neurological
symptoms. At the time of his presentation to our institution,
10 months after the initial fusion, the deformity progressed
to 128� (Fig. 3A). We viewed cervical stenosis and spinal
cord impingement on MRI. The space available for the
spinal cord was 4 mm, but the patient did not have abnor-
mally long tract signs or neurological deficits. A second



Fig. 2. Cervical spine radiographs and MRI of an 18-month-old boy diagnosed with Larsen syndrome. (A) Preoperative lateral cervical radiographs and MRI

before the first posterior spinal fusion showed 67� kyphosis in the mid-cervical spine with narrowing of the spinal canal. (B) Lateral cervical radiographs and

MRI taken 1 year after posterior spinal fusion showed progression of the cervical kyphosis to 110� with spinal canal narrowing. (C) A decrease in kyphosis

compared with the preoperative radiographs is seen at 18 months after the second operation.
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procedure was required and involved an anterior C5 and C6
corpectomy, posterior apical laminectomies, anterior and
posterior cervical fusion using tricortical structural iliac
crest autograft and allograft bone graft, and anterior
cervical plate fixation.

At 10 months after the procedure, we noted a cervical
kyphotic deformity of 30� without neurological deficit or
complication (Fig. 3B). The patient was able to pull himself
up to stand and take some supported steps. The patient
moved out of the area and has been routinely observed at an
outside institution.
Discussion

Cervical kyphosis is a life-threatening and serious
manifestation of Larsen syndrome because of the risk of
Fig. 3. Cervical MRI and lateral cervical radiograph of an 18-month-old boy wi

first posterior spinal fusion showed 128� kyphosis in the mid-cervical spine with

lateral cervical radiograph showed a decrease in kyphosis compared with the pr
progression of the deformity and the potential for paralysis
or death [6,10]. Most Larsen patients with kyphosis have
marked hypoplasia of 1 or 2 vertebral bodies, mostly at C4
and C5 levels [9]. The deformity is usually progressive, and
late diagnosis is associated with more severe kyphosis,
marked instability of the spine, and neurological deficits
[6,9]. Many authors recommend early screening of spinal
deformity in patients with Larsen syndrome. Cervical
kyphosis can be detected on lateral view of plain cervical
radiographs [6,8,9]. Bank et al. [8] recommended yearly
lateral cervical radiographs after initial surveillance, to
closely observe the progression of the deformity. Instability
and deformity of cervical spine should be evaluated and
treated before surgical correction of joint abnormalities
or other associated deformities to prevent complications
from induction of anesthesia [8]. Johnston et al. [9]
th Larsen syndrome. (A) Preoperative cervical MRI at 11 months after the

extreme cervical stenosis and spinal cord impingement. (B) Postoperative

eoperative MRI.



Table

Literature review of surgical treatments for cervical kyphosis in patients with Larsen syndrome.

Author Year Patients in

series (N)

Level Age at

onset

Preoperative

condition

Age at first

operation

First operation Postoperative

immobilization

Postoperative condition

Bank et al. [8] 2003 1 C4eC7 13 y Weakness

Numbness

Myelopathy

13 y APDF Halo vest, hard collar Improved, increase activity level

Forese et al. [11] 1995 1 C3eC7 3 y Weakness

Myelopathy

5 y APDF NA No improvement, bedridden

Johnston et al. [9] 1996-1997 5 C3eC6 4 mo Kyphosis 35 � 16 mo PSF Halo vest Reversed to lordosis 21 �

Infant Kyphosis 37 � 16 mo PSF Orthosis Decreased kyphosis to 18 �

infant Kyphosis 35 � 14 mo PSF Orthosis Hyperlordosis with deficit;

needed second operation

2 wk Kyphosis 65 � 10 mo PSF Orthosis Progressive kyphosis 110 �

(second operation: ASF)

Failed, progressed to 145 �

(third operation: ASF)

2 y 9 mo Myelopathy 12 y APDF NA No improvement

Katz et al. [7] 2003 1 C4eT1 2 Weakness 2 y PSF Halo vest Weakness (second PSF)

Progressive weakness (third and

fourth operation: PD and APDF)

Luk and Yip [14] 2002 2 C4eC7 8 y Numbness 8 y ASF Halo vest Progressive kyphosis

(second operation: PSF)

C4eC6 6 y Myelopathy 6 y APDF Halo vest Myelopathy resolved but

nonunion (second APDF)

Madera et al. [12] 2008 1 C3eC6 6 mo No deficit 2 y 6 mo APDF Halo vest Improved

Micheli et al. [6] 1976 1 C4eC6 1 d Weakness 10 mo PSF Minerva brace Improved

Sakaura et al. [13] 2007 3 C3eC6 Birth Weakness 110 � 2 y 10 mo ASF Halo vest Improved, dislodge bone

graft (second APDF)

C3eC5 1 y 5 mo Hyperreflexia 60 � 4 y 10 mo PSF Halo vest Decreased kyphosis to 16 �

C3eC6 Birth No deficit 93 � 10 mo PSF Orthosis Progressive kyphosis 146 �,
quadriplegia, apnea (second

and third operation:

ASF and PSF C0-T4)

Abbreviations: C, cervical vertebra; T, thoracic vertebra; PSF, posterior spinal fusion; ASF, anterior spinal fusion; PD, posterior decompression; APDF, anterior and posterior decompression and fusion.
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recommended early bracing and stabilization before 2 years
of age, to avoid neurological deficits.

From our review of the available literature, 15 patients
have been reported in 8 case series (Table). Most patients
were diagnosed with Larsen syndrome as infants. In 8
patients, the diagnosis of cervical kyphosis was made when
they were younger than 2 years of age. Six patients
underwent their first surgery before the age of 2. The
average age of patients at the time of their first surgery was
4 years, 2 months (range, 10 months to 13 years). Preop-
erative neurological deficits were found in 9 patients (60%).
Posterior spinal fusion was the first surgical procedure for
8 patients, 6 of whom were younger than 2 years of age.
The kyphotic deformity improved in 5 patients, whereas the
other 3 required anterior and posterior decompression and
fusion for progressive cervical kyphosis. The success rate
of posterior spinal fusion is 66% in patients younger than
2 year of age and 50% in patients older than that. All
surgical patients needed a halo vest or orthosis for post-
operative immobilization [6e9,11e14].

The cause of cervical kyphosis in patients with Larsen
syndrome is multifactorial; hypoplasia of 1 or more vertebral
bodies is often found. Posterior spinal fusion alone has been
recommended by some [9] because the procedure inhibits the
growth of the posterior elements of the spine while permit-
ting anterior vertebral growth, resulting in the prevention of
progression and gradual correction of the deformity. Some
patients presenting with mild and flexible cervical kyphosis
who had their first surgical treatment before 2 years of age
had optimal results with the posterior spinal fusion alone.
However, our experience is that patients older than 2 years of
age who present with severe or rigid cervical kyphosis and
myelopathic symptoms are more likely to require combined
anterior decompression and circumferential fusion and
instrumentation [6e9,11,12].

The first patient presented in this review was treated
when she was 3 years of age, for a preoperative kyphotic
deformity of 79�. The posterior spinal fusion could not
prevent progression of the deformity and spontaneous
correction of the deformity did not occur. The degree of the
deformity (87�) and the resultant spinal cord compression
necessitated a second procedure to decompress the spinal
cord and correct the kyphosis.

The second and third patients presented here underwent
a posterior spinal fusion for a slightly less severe kyphotic
deformity when they were 18 months of age, but the
deformity progressed after the first fusion. Spontaneous
correction was not seen in either patient, and posterior
fusion failed to prevent a progression of deformity.

In conclusion, all patients with Larsen syndrome should
be carefully evaluated and screened for cervical kyphosis at
a young age. Patients with normal neurological examina-
tions may have cervical kyphoses with spinal cord signal
abnormality. Cervical kyphosis associated with this
syndrome will progress, rather than resolve, with time if
left untreated. Posterior spinal fusion may not be enough to
prevent progression of kyphotic deformity in patients with
Larsen syndrome, and spontaneous correction after poste-
rior fusion cannot be guaranteed.
References

[1] Larsen LJ, Schottstaedt ER, Bost FC. Multiple congenital disloca-

tions associated with characteristic facial abnormality. J Pediatr

1950;37:574e81.

[2] Le Marec B, Chapuis M, Treguier C, et al. A case of Larsen syndrome

with severe cervical malformations. Genet Couns 1994;5:179e81.

[3] De Smet L, Legius E, Fabry G, Fryns JP. The Larsen syndrome. The

diagnostic contribution of the analysis of the metacarpophalangeal

pattern profile. Genet Couns 1993;4:157e64.

[4] ZhangD,Herring JA,SwaneySS, et al.Mutations responsible forLarsen

syndrome cluster in the FLNB protein. J Med Genet 2006;43:e24.

[5] Miz GS, Engler GL. Atlanto-axial subluxation in Larsen’s syndrome.

A case report. Spine (Phila Pa 1976) 1987;12:411e2.

[6] Micheli LJ, Hall JE, Watts HG. Spinal instability in Larsen’s

syndrome: report of three cases. J Bone Joint Surg 1976;58A:562e5.
[7] Katz DA, Hall JE, Emans JB. Cervical kyphosis associated with an-

teroposterior dissociation and quadriparesis in Larsen’s syndrome.

J Pediatr Orthop 2005;25:429e33.
[8] Banks JT, Wellons III JC, et al. Cervical spine involvement in Lars-

en’s syndrome: a case illustration. Pediatrics 2003;111:199e201.

[9] Johnston II CE, Birch JG, Daniels JL. Cervical kyphosis in patients

who have Larsen syndrome. J Bone Joint Surg 1996;78A:538e45.

[10] Muzumdar AS, Lowry RB, Robinson CE. Quadriplegia in Larsen

syndrome. Birth Defects Orig Artic Ser 1977;13:202e11.

[11] Forese LL, Berdon WE, Harcke HT, et al. Severe mid-cervical

kyphosis with cord compression in Larsen’s syndrome and dia-

strophic dysplasia: unrelated syndromes with similar radiologic find-

ings and neurosurgical implications. Pediatr Radiol 1995;25:136e9.

[12] Madera M, Crawford A, Mangano FT. Management of severe

cervical kyphosis in a patient with Larsen syndrome. Case report.

J Neurosurg Pediatr 2008;1:320e4.

[13] Sakaura H, Matsuoka T, Iwasaki M, et al. Surgical treatment of

cervical kyphosis in Larsen syndrome: report of 3 cases and review

of the literature. Spine (Phila Pa 1976) 2007;32:E39e44.

[14] Luk KD, Yip DK. Congenital anteroposterior spinal dissociation in

Larsen’s Syndrome: report on two operated cases with long-term

follow-up. Spine (Phila Pa 1976) 2002;27:E296e300.


	Review of Cervical Kyphosis in Larsen Syndrome
	Introduction
	Results
	Case 1
	Case 2
	Case 3

	Discussion
	References


