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Abstract

The Koolen-de Vries syndrome (KdVS) is a multisystem disorder characterized by devel-

opmental delay, intellectual disability, characteristic facial features, epilepsy, cardiovas-

cular and urogenital malformations, and various musculoskeletal disorders. Scoliosis is a

common feature. The aim of this study is to fill the gap in the current knowledge about

scoliosis in individuals with KdVS and to provide recommendations for management

and follow-up. In total, 54 individuals with KdVS were included in the study, with a

mean age of 13.6 years (range 1.9–38.8 years). Spine radiographs, MR scans, and corre-

sponding radiology reports were analyzed retrospectively for scoliosis and additional

anomalies. The presence of scoliosis-related clinical conditions was assessed in partici-

pants' medical records and by use of a parent survey. Scoliosis was present in 56% of

the participants (30/54) with a mean age of onset of 10.6 years and curve progression

during the growth spurt. Prevalence at age 6, 10, and 18 years was, respectively, 9%,

41%, and 65%. Most participants were diagnosed with a single curve (13/24, 54%), of

which five participants had a long C-curve type scoliosis. No significant risk factors for

development of scoliosis could be identified. Severity was mostly classified as mild,

although 29% (7/24) of the curves were larger than 30� at last follow-up. Bracing

Abbreviations: AIS, adolescent idiopathic scoliosis; BMI, body mass index; CA, Cobb angle; CB, coronal balance; KdVS, Koolen-de Vries syndrome; LCS, long C-curve type scoliosis; LL, lumbar

lordosis; MR scans, magnetic resonance scans; NMS, neuromuscular scoliosis; PT, physical therapy; SB, sagittal balance; TK, thoracic kyphosis.
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therapy was received in 13% (7/54), and surgical spinal fusion was warranted in 6%

(3/54). Remarkably, participants with scoliosis received less often physical therapy com-

pared to participants without scoliosis (P = 0.002). Scoliosis in individuals with KdVS

should be closely monitored and radiologic screening for scoliosis and vertebrae abnor-

malities is recommended at diagnosis of KdVS, and the age of 10 and 18 years.
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1 | INTRODUCTION

The Koolen-de Vries syndrome (KdVS, MIM no. 610443) is a rare neuro-

developmental disorder with multi-system involvement, caused by a

(micro)deletion at chromosome 17q21.31 or by a pathogenic variant in

the KANSL1 gene (Koolen et al., 2006, 2010, 2012; Sharp et al., 2006;

Shaw-Smith et al., 2006; Zollino et al., 2012). The syndrome is character-

ized by developmental delay, intellectual disability, characteristic facial

features, epilepsy, cardiovascular, and urogenital malformations. In addi-

tion, KdVS is associated with various musculoskeletal conditions, including

hypotonia, hip dysplasia, joint hypermobility, foot deformities, and abnor-

mal spinal curvatures, including scoliosis (Koolen et al., 2010, 2016). Since

the first description of KdVS, there have been several clinical studies

focusing on specific clinical features of the syndrome, such as language

and speech development delay (Morgan et al., 2018), epilepsy (Myers

et al., 2017), and behavioral characteristics (Egger et al., 2013). These

studies are important for the management of individuals with KdVS and

can lead to awareness, disease specific treatment and recommendations.

In depth clinical research also provides a better picture of the natural his-

tory and is necessary for defining treatment outcome measures.

Scoliosis is one of the important features in KdVS that is still little

known, even though it is a common problem. In small studies, scoliosis

has been reported in 31%–38% of the individuals with KdVS (Koolen

et al., 2016; Zollino et al., 2015), which is in line with data from GenIDA,

an international patient registry showing that the prevalence of scoliosis

is 26% among 200 individuals with KdVS (Burger et al., 2022). Scoliosis is

defined as a complex three-dimensional torsional deformity affecting the

spine and the trunk (Negrini et al., 2018), and can give rise to a substantial

burden on health-related quality of life. In KdVS little is known about the

clinical and radiologic characteristics, age at diagnosis, progression over

time, associated clinical conditions, severity, risk factors, and therapy,

hampering proper care and surveillance of KdVS patients. The aim of this

study is to fill these gaps in knowledge about scoliosis in individuals with

KdVS and to provide recommendations for management and follow-up.

2 | MATERIALS AND METHODS

2.1 | Recruitment

In this international retrospective cohort study 54 participants were

included. Inclusion criterion was a molecular diagnosis of KdVS, either

a 17q21.31 (micro)deletion or a KANSL1 pathogenic variant. Three

individuals were excluded due to an additional genetic diagnosis

and/or tethered cord syndrome. Participants were recruited through

the Radboudumc biobank “Genetic Rare Disease” (n = 16), GenIDA

(n = 16), and the KdVS foundation (n = 22). Parents/caregivers of

participants recruited through the Radboudumc biobank gave explicit

permission to use the medical data for research purposes (registration

number: 2018-4985). Moreover, this specific study is approved by the

ethical committee of the Radboudumc (registration number:

2020-6413) and is conducted according to ethical requirements of

the GenIDA database, which is approved by the institutional Review

Board of the French Institute of Medical Research and Health

(INSERM).

2.2 | Clinical characteristics

The presence of scoliosis and associated clinical conditions was stud-

ied by a retrospective review of radiology, medical records, and by the

distribution of a parent survey, written in Dutch, English, German, and

French (Supplementary File S1). Parent-reported outcomes were used

if clinical information was missing in the medical records or medical

records were not available.

Evaluated clinical conditions were the presence of past and/or

current hypotonia, hypertonia, joint hypermobility, hip dysplasia, leg

length discrepancy, back pain, neurologic symptoms, foot deformities,

walking ability, and received spine therapies (physical therapy [PT],

bracing, casting, and surgical spinal fusion). In addition, body mass

index (BMI) was evaluated (current and at time of diagnosis). BMI

charts of Nemours were used for comparison with age- and sex-

matched references (Gavin, 2020). Underweight was defined as a BMI

below the 5th percentile for age, gender, and height. Overweight was

defined as a BMI above the 85th percentile. The χ2-test, ANOVA, and

Bonferroni correction were used in statistics, a P value <0.05 was con-

sidered as significant.

2.3 | Radiologic characteristics

After informed consent was given, physicians were requested to dis-

close participants' radiographs and MR scans of the spine, including

corresponding radiology reports, if available. Radiographs of low
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quality, because of motion artifacts, were excluded. We performed

measurements on standing full spine radiographs. Measurements

were performed three times by one researcher (AB) and mean values

were used for further analysis. The mean intra-observer difference in

measurement of Cobb angle was 2.1� (SD 1.1). The assessment of

radiographs and MR scans for vertebrae and disc anomalies

(e.g., hemivertebrae, fused vertebrae, antero- and retrolisthesis, and

subluxation) was performed by a second researcher (WK). Radiology

reports were used to describe radiologic characteristics if images were

not available. Radiographs in this report are published with permission

of the participant concerned and their legal representative. Radiology

was assessed retrospectively using a DICOM viewer (Philips health-

care, Best, the Netherlands, version R3.0-SP03), and all measurements

were stored.

2.4 | Definitions of measurements

On radiographs, measurements were performed according to the

methods described by Kim et al. (2010; Figure 1). The degree of scoli-

osis, thoracic kyphosis, and lumbar lordosis was measured by the

Cobb angle. Coronal and sagittal balance were measured by use of a

plumb line drawn downward from the center of the C7 vertebral body

(Figure 1). Balance and pelvic obliquity could only be assessed if a

radiograph of the entire spine was available.

Scoliosis was defined as a coronal curve over 10� (Horne

et al., 2014; Negrini et al., 2018). Thoracic kyphosis (T4–T12) was

considered as normal between 10� and 33�, lumbar lordosis (L1–S1)

between 24� and 53� (Fon et al., 1980; Shefi et al., 2013). Curve type

was classified according to the location of the major curve and the

F IGURE 1 Methods of radiological
assessment. CA, Cobb Angle (formed by
perpendiculars to the superior endplate
and the inferior endplate of end
vertebrae); CB, Coronal Balance
(C7-midline of sacrum, normal <2 cm); TK,
Thoracic Kyphosis (angle between
superior endplate T4 and inferior endplate
T12); LL, Lumbar Lordosis (angle between
superior endplate L1 and inferior endplate
S1); SB, Sagittal Balance
(C7-Posterosuperior aspect of S1,
normal <2 cm).

BOUMAN ET AL. 3
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number of scoliotic curvatures (single, double, triple curve). A subclass

of the single scoliotic curve is the long C-curve type scoliosis (LCS;

Horne et al., 2014; Lenke, 2005). Measurements were done at initial

diagnosis and during follow-up.

3 | RESULTS

3.1 | Prevalence

In total, 54 participants were included, of whom 44% was male

(24/54). At inclusion, the mean age was 13.6 years (1.9–

38.8 years), and 13 participants were older than 18 years (24%)

(Table 1). Clinical information was received from all participants. In

the current study cohort, scoliosis was diagnosed in 56% (30/54) of

which 26/30 was radiologically confirmed. Of the latter, radiology

data could be obtained in 24. In the participants without scoliosis

(24/54), the absence of scoliosis was radiologically confirmed in

2 participants, whereas in the remaining 22 participants the

absence of scoliosis was based on clinical examination and report.

Individuals were more commonly affected with increasing age, as

shown in Figure 2. Prevalence at age 6, 10, and 18 years was 9%,

41%, and 65%, respectively. There was no significant difference in

scoliosis' prevalence between individuals with a 17q21.31

microdeletion versus a KANSL1 variant (P = 0.887), or between

males and females (P = 0.854).

3.2 | Clinical characteristics

Participants' clinical characteristics are shown in Tables 1 and S1.

Hypotonia was anamnestic present at birth in 96% (51/53), and at the

time of inclusion in 83% (43/52). Hypertonia was not present, neither

at birth nor at the time of inclusion. Joint hypermobility was present

in 86% (38/44). Although all participants could walk, 38% (20/53) of

them were only able to walk for limited time or distance. After Bon-

feronni correction, there was no significant difference in the presence

of hypotonia, joint hypermobility and walking ability between the sco-

liosis and the non-scoliosis group. Most participants had a normal BMI

corrected for their age (43/52, 83%), and weight (percentile, under-

weight, normal weight, or overweight) did not influence the occur-

rence of scoliosis (Table 1).

In the scoliotic group, 13% reported daily or weekly back pain

(3/23), which was associated with paresthesia in the legs in one par-

ticipant, whereas in the non-scoliotic group, only one participant (6%)

reported daily back pain, without neurologic symptoms.

In participants with scoliosis, hip dysplasia was reported in 17%

(4/24), leg length discrepancy in 21% (5/24), pedes plani in 46%

TABLE 1 Characteristics of participants (at inclusion).

All
participants (%)

Participants with
scoliosis (%)

Participants without
scoliosis (%)

P-
value

All participants (N)a 54 (100%) 30 (56%) 24 (44%)

Gender (male) 24/54 (44%) 13/30 (43%) 11/24 (46%) 0.854

Mean age in years (range) 13.6 (1.9–38.8) 16.6 (5.3–38.8) 9.8 (1.9–25.3) 0.003

17q21.31 microdeletion 41/54 (76%) 23/30 (77%) 18/24 (75%) 0.887

KANSL1 mutation 13/54 (24%) 7/30 (23%) 6/24 (25%)

Hypotonia first year after birth 51/53 (96%) 28/30 (93%) 23/23 (100%) 0.499

Currently hypotonia 43/52 (83%) 24/29 (83%) 19/23 (83%) 1.000

Joint hypermobility 38/44 (86%) 20/23 (87%) 18/21 (86%) 1.000

Able to walk 54/54 (100%) 30/30 (100%) 24/24 (100%) 1.000

Medical history of back pain 11/40 (28%) 9/23 (39%) 2/17 (12%) 0.079

Currently daily or weekly back pain 4/40 (10%) 3/23 (13%) 1/17 (6%) 0.624

Weight

Underweight 4/52 (8%) 1/30 (3%) 3/22 (14%) 0.063

Normal weight 43/52 (83%) 24/30 (80%) 19/22 (86%)

Overweight 5/52 (10%) 5/30 (17%) 0/22 (0%)

Mean percentile of weight in children (N = 41)

(SD)

38.0 (25.5) 38.4 (25.5) 37.9 (26.1) 0.950

Physical therapy (PT)

Received PT 38/54 (70%) 16/30 (53%) 22/24 (92%) 0.002

Mean starting age in years (range) 1.7 (0.0–9.1) 2.8 (0.0–9.1) 0.9 (0.0–5.2) 0.017

PT once or more times a week 25/32 (78%) 12/13 (92%) 13/19 (68%) 0.195

aOrigin: 4 Australia, 1 Belgium, 1 Canada, 4 France, 6 Germany, 1 Hungary, 16 Netherlands, 1 United Kingdom, and 20 United States.
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(11/24), and valgus deformity of hips, knees, and/or ankle in

21% (5/24).

3.3 | Radiologic characteristics

3.3.1 | Initial presentation

Out of 24 participants in which radiology data were available, the

mean age at diagnosis was 10.6 years (range 1.1–22.8 years;

Table S1). The magnitude of the major curve was greater and the

number of scoliotic curvatures was higher if the scoliosis was diag-

nosed at later age (Table 2). The mean curve magnitude was 21�

(range 10�–48�). At diagnosis, 13% of participants (3/24, mean age

12.7 years, range 10.1–15.5 years) presented with a curve magnitude

>30� (range 30�–42�). Most participants were diagnosed with a single

curve (13/24, 54%), of which five participants had a LCS (Table 2;

Figure 3). Of all participants with a thoracic curve, only one had a

curve convex to the left (1/11, 9%). A thoracic sagittal radiograph was

available in 17/24 participants, a lumbar sagittal radiograph in 16/24

participants. Scoliosis was associated with hyperkyphosis in 47%

(8/17) and/or with hyperlordosis in 50% (8/16). In five cases, both

hyperkyphosis and hyperlordosis were present (31%). Rarely, scoliosis

was seen in combination with hypokyphosis (3/17, 18%) or hypolor-

dosis (2/16, 13%). No difference was found between curve type and

occurrence of abnormal sagittal curves (P = 1.000).

Coronal imbalance at initial diagnosis was present in 45%

(9/20) and was associated with a single curve in 56% of cases. Sag-

ittal imbalance was present in 47% (7/15). Pelvic obliquity was a

common condition in scoliosis (8/20, 40%), and was associated with

leg length discrepancy in 50% (4/8). All participants with pelvic

obliquity had hypotonia (Table S1). Mild subluxation of cervical ver-

tebral bodies (3 mm retrolisthesis, 2 mm anterolisthesis) was found

in one participant with scoliosis (1/30, 3%), in whom “watchful

waiting” was practiced. In two participants with scoliosis, severe

vertebral body wedging was present (2/24, 8%; Table S1). No other

vertebral anomalies were reported in the participants with and

without scoliosis.

F IGURE 2 The prevalence of
scoliosis in KdVS. It is shown that
prevalence increases with age.

TABLE 2 Radiologic characteristics at diagnosis.

N (%)
Mean age at diagnosis
in years (range)

Mean magnitude of the major
curve in degrees (range)

Participants with radiologically confirmed scoliosis 24 (100%) 10.6 (1.1–22.8) 21 (10–48)

Single lumbar curve 13 (54%) 9.0 (1.1–22.8) 20 (13–32)

Long C-curve scoliosis 5 (21%) 7.7 (6.8–9.7) 16 (10–22)

Double curve 10 (42%) 12.4 (6.3–17.3) 22 (13–42)

Triple curve 1 (4%) 14.4 26

Thoracic kyphosis (T4–T12)a 11.9 (6.8–22.8) 32 (6–63)

Lumbar lordosis (L1–S1)b 11.5 (6.3–22.8) 56 (32–84)

aMagnitude assessable in N = 14.
bMagnitude assessable in N = 15.
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3.3.2 | During follow-up

Follow-up data in the scoliosis group were present in 15/30 partici-

pants (50%). The mean time between diagnosis and last follow-up was

4.5 years (0.4–17.6 years). During follow-up there was an increase in

curve magnitude of >10� in seven participants (mean age at follow-up

16.8 years, range 10.9–33.1 years), and a decrease of >10� in one par-

ticipant (age 8.9 years) without bracing or surgery. Overall, 29% of the

curves (of the patients for whom radiological data were available)

were larger than 30� (7/24). In two participants, a LCS progressed to a

double, major thoracic curve. In another two participants, a single lum-

bar curve progressed to a thoracolumbar/lumbar curve (Figure 3). The

mean age of progression to another curve type was 12.5 years (range

11.8–14.1 years). At last follow-up, 93% had a double scoliotic curve

(14/15), of which the thoracic curve was convex to left in 14% (2/14).

3.4 | Therapy

A majority of the participants received physical therapy (PT) (38/54,

70%); however, it was not clear what this therapy was aimed at

(Table 1). At the time of inclusion, 41% of participants still received reg-

ular PT. Compared to the scoliotic group, the participants without scoli-

osis received PT more often (P = 0.002), which remains significant

after Bonferonni correction was performed. In addition, participants

without scoliosis started PT at a younger age (P = 0.017). The mean

starting age in the non-scoliotic group was 0.9 years (range 0.0–

5.2 years) compared to 2.8 years (0.0–9.1 years) in the scoliotic group.

Most participants received PT one or more times a week (25/32, 78%)

and the mean duration of received PT was 7.4 years (1.0–20.0 years).

13% of participants received bracing therapy (7/54) and radiology data

were available in six of them (Table 3). Mean starting age of bracing

therapy was 11.2 years (7.9–15.5 years), and the mean duration of

received therapy was 3.4 years (1.1–6.9 years). During bracing therapy,

the average change of the initial major curve was 3� (varying from 15�

decrease to 20� increase in curve magnitude). Because of curve pro-

gression beyond 40�, surgical spinal fusion was required in three partici-

pants (3/54, 6%) (Table 3; Figure 4). Spinal fusion reduced their major

curve with a mean of 37� (29�–49�). In addition, one participant under-

went lumbar L3–S1 spinal fusion because of retrolisthesis of L5.

4 | DISCUSSION

4.1 | Prevalence

This study confirms the high prevalence of scoliosis among individuals

with KdVS. In the present study scoliosis is present in more than half

of all patients (56%), which is higher than reported in the medical liter-

ature and in the GenIDA registry (Burger et al., 2022; Koolen

F IGURE 3 Long C-curve
scoliosis and scoliotic curve
progression. (1) Age 11.9, Long
C-curve type scoliosis. (2) Age
15.2, Double curve, major curve
thoracolumbar/lumbar. (3) Age
16.0, Curve progression.
Published after consent for
publication.

6 BOUMAN ET AL.

 15524833, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajm

g.a.63334 by C
ochrane France, W

iley O
nline L

ibrary on [25/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
L
E
3

E
ff
ec
t
o
f
br
ac
in
g
th
er
ap

y
an

d
su
rg
er
y.

B
ef
o
re

th
er
ap

y
D
ir
ec

tl
y
af
te
r
th
er
ap

y
A
t
la
st

vi
si
t

St
ud

y

ID
Se

x
T
he

ra
py

A
ge

at
st
ar
t

o
f
th
er
ap

y

(y
ea

rs
)

R
ea

so
n

Le
ve

ls

fu
se
d

T
ho

ra
ci
c

m
ag

ni
tu
de

(�
)

Lu
m
ba

r
m
ag

ni
tu
de

(�
)

T
ho

ra
ci
c

m
ag

ni
tu
de

(�
)

Lu
m
ba

r
m
ag

ni
tu
d
e

(�
)

T
h
o
ra
ci
c

m
ag

n
it
u
d
e

(�
)

Lu
m
b
ar

m
ag

n
it
u
d
e

(�
)

D
u
ra
ti
o
n
o
f

b
ra
ci
n
g
th
er
ap

y

(m
o
n
th
s)

D
u
ra
ti
o
n
o
f

fo
llo

w
-u
p

(m
o
n
th
s)

1
6

F
em

al
e

B
ra
ce

1
5
.5

D
o
ub

le
cu

rv
e

th
o
ra
co

lu
m
ba

r/
lu
m
ba

r

4
2

4
8

4
7

6
0

2
4

Su
rg
er
y

3
3
.1

T
4
–L

4
6
2

8
4

3
0

5
2

3
0

5
7

2

1
9

F
em

al
e

B
ra
ce

1
1
.4

D
o
ub

le
cu

rv
e

th
o
ra
co

lu
m
ba

r/
lu
m
ba

r

1
5

2
4

3
1

4
4

1
3

Su
rg
er
y

1
2
.5

Lu
m
ba

r
cu

rv
e

T
1
1
–L

3
4
4

1
4

2
3

2
9

1
5
.0

T
ho

ra
ci
c
cu

rv
e

T
3
–T

1
2

4
0

1
1

D
at
a
n
o
t

av
ai
la
b
le

D
at
a
n
o
t

av
ai
la
b
le

2
0

F
em

al
e

B
ra
ce

1
0
.4

Lu
m
ba

r
cu

rv
e

<
1
0

3
7

2
3

4
5

8
3

2
3

M
al
e

B
ra
ce

7
.9

D
o
ub

le
cu

rv
e
w
it
h
m
aj
o
r

cu
rv
e
th
o
ra
ci
c

2
3

1
3

1
6

2
0

4
2

4
0

F
em

al
e

Su
rg
er
y

1
0
.2

C
o
ng

en
it
al
re
tr
o
lis
th
es
is
o
f

L5
(w

it
h
an

te
ri
o
r

ve
rt
eb

ra
lb

o
dy

w
ed

gi
ng

)

L3
–S

1
1
3

1
3

2
3

3
2

B
ra
ce

1
2
.1

D
o
ub

le
cu

rv
e

th
o
ra
co

lu
m
ba

r/
lu
m
ba

r

D
at
a
no

t

av
ai
la
bl
e

2
3

D
at
a
no

t

av
ai
la
bl
e

2
3

4
0

4
4

F
em

al
e

B
ra
ce

1
0
.0

D
o
ub

le
cu

rv
e
w
it
h
m
aj
o
r

cu
rv
e
th
o
ra
ci
c

3
3

2
6

1
8

2
3

4
1

5
6

F
em

al
e

Su
rg
er
y

1
1
.7

D
o
ub

le
cu

rv
e

th
o
ra
co

lu
m
ba

r/
lu
m
ba

r

T
2
–T

5
an

d

L2
–L

4

8
3

4
5

3
4

1
5

4
3

3
2

8

1
2
.5

Sp
in
al
ro
d
ex

te
ns
io
n

1
3
.2

Sp
in
al
ro
d
ex

te
ns
io
n

BOUMAN ET AL. 7

 15524833, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajm

g.a.63334 by C
ochrane France, W

iley O
nline L

ibrary on [25/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



et al., 2010, 2016; Zollino et al., 2015). The GenIDA database, is based

on patient reported outcomes and reports a prevalence of scoliosis in

KdVS of 26% (51/200). It is likely that parents of a child with scoliosis

were more likely to participate in the present study, even though all par-

ents were approached and it was explicitly indicated that all children

could participate, regardless of the presence of scoliosis. The higher prev-

alence in the current study can also be explained because asymptomatic

scoliotic curves were included. Comparison of data from medical records

and radiology with parent-reported outcomes, showed that both parents

and physicians underestimate the presence of scoliosis when asymptom-

atic. In this study, the included participants without scoliosis were signifi-

cantly younger than the ones with scoliosis, which might result in an

underestimation of the prevalence. Moreover, in 22 participants the

absence of scoliosis was based on clinical examination, which does not

exclude a mild abnormal sideways curvature of the spine.

The age of onset of scoliosis in KdVS and the progression during the

growth spurt is similar to what is described in patients with adolescent

idiopathic scoliosis (AIS; Lonstein, 1994; Negrini et al., 2018). In the cur-

rent study cohort, the primary age of onset for scoliosis is 10.6 years,

although the range is rather broad. The prevalence of scoliosis increases

with age from 41% at age 10 years to 65% at age 18 years (Figure 2).

4.2 | Clinical and radiologic characteristics

At diagnosis, the mean curve magnitude was 21� (range 10�–48�). In

13% of participants (3/24) the curve magnitude at diagnosis exceeded

30�. Data on follow-up data were available in 15 participants, of

whom four showed progression over >30� during follow-up. In most

participants, scoliotic curves remained <30� (17/24). From previous

studies we know that in AIS curves below 30� are mainly asymptom-

atic and the least prone to progression (Horne et al., 2014; Negrini

et al., 2018). However, whether the course of the scoliosis in KdVS is

similar to AIS, requires more data.

More complex scoliotic curves (double and triple curve type) were

more prevalent in children diagnosed at later age. In general, at the

time of diagnosis most participants had a single curve (54%), whereas

the double thoracolumbar/lumbar curve was the most prevalent

(42%) at last visit. This increase in the number of scoliotic curvatures,

might be caused by the frequent association of scoliosis with coronal

imbalance (45%) and sagittal imbalance (47%). It is previously

described that spinal imbalance is self-corrected by the development

of additional curves (Kim et al., 2010).

Clinical neuromuscular conditions commonly present in KdVS are

hypotonia (83%–96%), and joint hypermobility (86%). Remarkable was

the frequent association of scoliosis with hyperkyphosis and hyperlor-

dosis (47% vs. 50%) and the presence of a LCS in 21%. LCS is often

associated with neuromuscular scoliosis (NMS; Rolton et al., 2014).

NMS and idiopathic scoliosis are the two main types of scoliosis

(Horne et al., 2014; Kim et al., 2010). Patients with NMS often

develop long S- and or C-shaped curves that can involve the entire

spine and sacrum, in contrast to idiopathic scoliosis where curves are

generally restricted to shorter regions (Rolton et al., 2014). The scolio-

sis pattern in KdVS fits to what is known for NMS and syndromic

F IGURE 4 Surgical T3–L3
instrumented spinal fusion.
(1) Age 12.3, pre-surgery; (2) Age
12.5, post-surgery T11–L3
instrumented spinal fusion;
(3) Age 15.0, post-surgical
revision T3–L3 instrumented
spinal fusion. Published after
consent for publication.
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curves, based on the high number of LCS and the underlying neuro-

logical and/or myopathic condition.

The contributing factors of scoliosis in KdVS are not yet known and

require further study. In 8% of the patients in this study, scoliosis could be

due to the presence of wedge-shaped vertebrae, as is known from previ-

ous studies showing that osteogenic conditions, including severe wedge-

shaped vertebrae, hemivertebrae, and fused vertebrae can lead to scoliosis

(Kim et al., 2010). In our cohort, a left-sided thoracic curve was present in

only 9%. From previous studies, it is known that a left-sided thoracic curve

is associated with intraspinal pathology (Horne et al., 2014).

Moreover, also the underlying mechanism should be further stud-

ied. KdVS is caused by haploinsufficiency of the KANSL1 gene (Koolen

et al., 2012; Zollino et al., 2012), but the function of KANSL1 does not

directly provide clues about the pathogenesis. KANSL1 is part of the

non-specific lethal (NSL) complex, which regulates global transcription

by histone modification (Dias et al., 2014). Haploinsufficiency of

KANSL1 leads to differences in expression of a large number of genes

(Koolen et al., 2012), and probably, differentially expressing of some

of these genes results in scoliosis, because of their role in neurophysi-

ology and musculoskeletal development.

4.3 | Therapy

Therapeutic options for scoliosis include PT, bracing, casting, and sur-

gical spinal fusion. Interestingly, in this study, the non-scoliotic partici-

pants received PT more often (P = 0.002) and started PT at younger

age (P = 0.017) compared to the scoliotic group. These results are still

significant after Bonferroni correction, however, it was unclear of PT

in our participants specifically targeted scoliosis. A minority of partici-

pants received bracing therapy (13%). Mean duration of bracing ther-

apy was 3.4 years, in which total curve progression was 3�. Compared

to the mean progression of 12�, this finding is consistent with previ-

ous studies regarding AIS, reporting that bracing therapy is efficient to

slow down progression (Negrini et al., 2018). Eventually, in this study

cohort 6% (3/54) underwent spinal surgery, which may be an under-

representation because of limited follow up data and the fact that not

all patients are mature yet.

4.4 | Recommendations and conclusions

In conclusion, based on the high prevalence of scoliosis in KdVS (56%),

and the co-relation with neurologic and musculoskeletal conditions,

scoliosis should be closely monitored in patients with KdVS. With

remaining growth the curves tend to progress, so the incidence of

curves >30� and/or surgery may be expected to increase over time. In

this cohort, the prevalence of scoliosis increases with age to 65% at

age 18 years. Radiologic screening for scoliosis and vertebrae abnor-

malities is recommended at diagnosis and around the age of 10 years.

When scoliosis is present, follow-up should be intensified during the

growth spurt, because of the expected increase in the curve magnitude.

However, scoliosis in KdVS can develop at any age, and therefore,

physicians should be alert to the development of scoliosis and perform

a full spine standing radiograph if there is a clinical suspicion of scolio-

sis. In KdVS patients without scoliosis, a second routine radiologic

screening is recommended around the age of 18 years. The increase in

prevalence over 18 years of age is minimal (4%). Radiographs in both

anterior–posterior and sagittal view, including the assessment of spinal

alignment on both are required, because of the high prevalence of

abnormal kyphosis, abnormal lordosis, and coronal- and sagittal imbal-

ance. Finally, special attention should be paid to leg length correction

during full spine standing radiographs, as scoliosis associated with leg

length discrepancy was found in 21%. The role of PT in scoliosis is a

matter of debate. Our data suggests a positive effect of PT in children

with KdVS. Therefore, PT from an early age should be considered with

emphasis on individualized scoliosis-specific exercises.
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