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Abstract
Background Pompe disease (glycogen storage disease type
II or acid maltase deficiency) is an autosomal recessive
disorder caused by deficiency of the lysosomal enzyme acid
α-glucosidase (GAA). Classic infantile-onset disease, char-
acterized by cardiomegaly and profound weakness, leads to
death in the first year of life from cardiorespiratory failure.

Reversal of cardiomyopathy and improved motor function
have been shown in clinical trials of rhGAA enzyme
replacement therapy (ERT) with alglucosidase alfa (Myo-
zyme), recently approved for clinical use. Increased
survival potentially unmasks long-term complications of
this previously lethal disease, including risk of skeletal
fracture, recently identified at our institution and not
previously reported in children with Pompe disease.
Objective To report the risk of fracture in children with
Pompe disease with increased survival with ERT.
Materials and methods We present four cases of fracture in
patients with classic infantile Pompe disease treated with
ERT at our institution, and review a study database for
additional reports of fracture in this population.
Results We review 19 fractures in 14 children with Pompe
disease on ERT.
Conclusion Radiologists should be familiar with and
vigilant for the association of fractures and increased
survival on ERT in children with Pompe disease. We
discuss potential mechanisms, implications for radiographic
surveillance, potential intervention, and needs for further
research.
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Introduction

Pompe disease, also known as glycogen storage disease type
II or acid maltase deficiency, is an autosomal recessive
disorder caused by deficiency of the lysosomal enzyme acid
α-glucosidase (GAA). The estimated incidence of Pompe
disease across the disease spectrum (infantile and late-onset)
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is 1:40,000 births. Children might present with classic
infantile, non-classic infantile/atypical, or juvenile-onset
Pompe disease. Classic infantile-onset disease presents with
cardiomegaly, hypotonia, macroglossia, failure to thrive, and
hepatomegaly and is universally fatal from cardiorespiratory
failure, usually within the first year of life. All types are
characterized by significant progressive myopathy and
respiratory involvement [1–5].

Clinical trials of enzyme replacement therapy (ERT)
using rhGAA derived from Chinese hamster ovary (CHO)
cells [6–12] have shown reversal of cardiomyopathy and
improved motor function in infants and children with
Pompe disease. Alglucosidase alfa (Myozyme), rhGAA
manufactured and distributed by Genzyme Corporation for
ERT and used in many of the clinical trials, has recently
been approved for use as a treatment for Pompe disease in
the US by the Food and Drug Administration (FDA), and in
Europe by the European Medicines Agency (EMEA).
Children are living longer, some achieving milestones that
would not have otherwise been reached such as sitting,
standing, walking and running [6, 9, 11]. Others with a less
robust motor response remain unable to support weight
through the lower extremities or (a very small subset) show
a clinical decline.

Long-term complications of this previously lethal dis-
ease can emerge with increased survival. One of the long-
term complications appears to be a risk of fractures,
recently recognized at our institution and not previously
reported in children with Pompe disease. In this investiga-
tion, we present four cases of fracture in patients with
classic infantile Pompe disease treated with ERT at our
institution and review a study database for additional
reports of fracture in this population.

Materials and methods

Patient identification

Four boys with infantile-onset Pompe disease (out of 25
children with infantile-onset Pompe disease treated with
ERT at our institution) with a mean age of 8.25 months
(range 2–18 months) at the start of ERT developed
fractures at a mean age of 16.5 months (range 13–
21.5 months). All patients were receiving ERT at the time
of fracture, and were enrolled in open-label clinical trials
exploring the safety and efficacy of CHO cell-derived
rhGAA ERT at Duke University Medical Center. All
patients had nutrition evaluations by a metabolic dietitian
with experience in Pompe disease, at baseline or within
8 weeks of starting ERT, with follow-up nutrition
evaluations every 12 weeks or as clinically needed.
Following Institutional Review Board approval and

written informed consent, a systemic chart review of
these patients with fractures was conducted.

After recognizing this complication, Genzyme Corporation
informed other sites of this potential complication in patients
with Pompe disease. A search of the Genzyme Pharmacovi-
gilance safety database for fractures occurring from 2001 to
2006 in patients receiving ERT was conducted. MedWatch
forms were produced and reviewed after identifying 15 cases
of fracture in ten children with Pompe disease who were
reported from other institutions. Two children had more than
one fracture. Many patients who experienced fracture were
also reported as having decreased bone density, referred to as
“osteopenia” or “osteoporosis.” At this time, because of
insufficient epidemiological data to define osteopenia and
osteoporosis in children, the term “low bone mineral density
(BMD) for chronological age” has been recommended and is
used in this paper for children with Z scores less than −2.0 on
dual energy X-ray absorptiometry (DEXA) [13]. The term
decreased bone density (BD) is used when decreased bone
density, “osteopenia” or “osteoporosis” were subjectively
identified by diagnostic imaging but not quantified by DEXA.

Imaging evaluation

All radiographic examinations for the four patients identi-
fied with fracture at our institution were reviewed by a
single certified (CAQ) pediatric radiologist with 15 years of
experience (D.F.). Examinations were reviewed and con-
clusions were confirmed as agreeing with the original
dictated radiology reports.

Results

Case reports

A summary of the demographic and clinical information for
the four patients identified with fracture at our institution is
presented in Table 1.

Case 1

This full-term boy with infantile-onset Pompe disease started
ERT at age 4 months. At baseline examination at 3½ months
of age, he was profoundly hypotonic with minimal active
movement. Over the next 3 months he showed motor
improvement, even prop-sitting with minimal support, but
by age 8 months a motor decline was noted, and he became
ventilator-dependent at age 9 months, once again profoundly
hypotonic with no antigravity movement. At age 16 months
he was diagnosed with a fracture of the right femur with
diffuse low BD, with no trauma reported. He was placed in a
Pavlik harness for 3 weeks. The fracture healed well in

438 Pediatr Radiol (2007) 37:437–445



T
ab

le
1

D
em

og
ra
ph
ic

an
d
cl
in
ic
al

in
fo
rm

at
io
n
fo
r
th
e
fo
ur

pa
tie
nt
s
w
ith

in
fa
nt
ile
-o
ns
et

P
om

pe
di
se
as
e
id
en
tif
ie
d
w
ith

fr
ac
tu
re

at
ou
r
in
st
itu

tio
n

P
at
ie
nt

G
en
de
r

A
ge

(m
on
th
s)

F
ra
ct
ur
e

D
ie
t

M
ot
or

sk
ill
s

be
fo
re

E
R
T

A
t
tim

e
of

fr
ac
tu
re

D
ia
gn
os
is

E
R
T
st
ar
t

F
ra
ct
ur
e

L
oc
at
io
n

Ty
pe

M
ot
or

sk
ill
s

G
ro
w
th

pa
ra
m
et
er
s
(p
er
ce
nt
ile
s)

M
ed
ic
at
io
na

H
ei
gh
t

W
ei
gh

t
H
ea
d

ci
rc
um

fe
re
nc
e

1
M

2
4

16
R
fe
m
ur

N
/G E
nf
am

il

H
ea
d
la
g;

fr
og

le
gg
ed
;

un
ab
le

to

be
ar

w
ei
gh
t

w
he
n
he
ld

st
an
di
ng

F
ro
g
le
gg

ed
;

tu
be
-f
ed
;
ve
nt
-

de
pe
nd
en
t;

no
n-
w
ei
gh
t

be
ar
in
g

50
th

50
th

5t
h

C
yc
lo
ph
os
-

ph
am

id
e,

di
ph

en
hy

dr
am

in
e

2
M

In
ut
er
o

2
13

R
fe
m
ur
,

su
bc
ap
ita
l

ne
ck

P
O P
ro
so
be
e

H
ea
d
la
g;

fr
og

le
gg
ed
;
ab
le

to
be
ar

w
ei
gh
t

in
te
rm

itt
en
tly

w
he
n
he
ld

st
an
di
ng

F
ro
g
le
gg

ed
;

tu
be
-f
ed
;
ve
nt
-

de
pe
nd
en
t’

no
n-
w
ei
gh
t

be
ar
in
g

25
th

10
th

50
th

G
ly
co
py

rr
ol
at
e,

ra
ni
tid

in
e,

di
ph

en
hy
dr
am

in
e

3
M

8
18

21
.5

R
fe
m
ur

O
bl
iq
ue

N
/G P
ed
ia
su
re

H
ea
d
la
g;

fr
og

le
gg
ed
;

ve
nt
-

de
pe
nd

en
t;

un
ab
le

to
be

su
pp
or
te
d
in

st
an
di
ng

F
ro
g
le
gg

ed
;

tu
be
-f
ed
;

ve
nt
ila
to
r-

de
pe
nd
en
t;

no
n-
w
ei
gh
t

be
ar
in
g

50
th

50
th

90
th

C
hl
or
ot
hi
az
id
e

4
M

6
9

15
.5 (f
ra
ct
ur
e
id
en
tif
ie
d)

T
8 ve
rt
eb
ra

C
om

pr
es
si
on

P
O E
nf
am

il

H
ea
d
la
g;

no
t

ro
lli
ng

ov
er
;

un
ab
le

to

be
ar

w
ei
gh
t

w
he
n
he
ld

in
st
an
di
ng

G
oo

d
he
ad

co
nt
ro
l;
si
tti
ng

an
d
ro
lli
ng

in
de
pe
nd

en
tly

;
hi
st
or
y
of

si
tti
ng

w
ith

ro
un

de
d
ba
ck
;

cr
ee
pi
ng

on
ha
nd

s
an
d

kn
ee
s
w
ith

as
si
st
an
ce
;

pu
lli
ng

to
st
an
d
w
ith

kn
ee

su
pp
or
t
re
qu

ir
ed

to

m
ai
nt
ai
n
st
an
di
ng

;

us
in
g
st
an
de
r
at

ho
m
e

75
th

10
th

50
th

D
ig
ox

in
,
ca
pt
op

ri
l,

fu
ro
se
m
id
e

a
M
ed
ic
at
io
n
w
ith

po
te
nt
ia
l
im

pa
ct

on
bo
ne

de
ns
ity
.

Pediatr Radiol (2007) 37:437–445 439



6 weeks. Nutrition review showed adequate calcium and
vitamin D intake and electrolytes and parathyroid hormone
(PTH) were all normal. He never stood or walked, was never
able to support weight through the lower extremities when
held in standing, and had not used a standing device prior to
his diagnosis of fracture.

Case 2

This full-term boy with infantile-onset Pompe disease
started ERT at age 2 months and 3 weeks. He initially
showed improvement in motor function on ERT, prop-
sitting momentarily by himself and able to support weight
through the lower extremities when held in standing at
5 months of age, but motor skills declined and he became
ventilator-dependent at 8 months of age. At 13 months, he
was again extremely hypotonic, with limited movement of
the extremities. While changing his diaper at 13 months
of age, his mother noted swelling and redness in the region
of his right thigh. Radiographs revealed a subtrochanteric
fracture of the right femur (Fig. 1). There was no known
history of trauma. Low BD was also noted on his long bone
films. He was placed in a Pavlik harness for 3 weeks. The
fracture healed well in 6 weeks. Nutrition review showed
adequate calcium and vitamin D intake, and electrolytes
and PTH were all normal. He never stood or walked and
never used a standing device but had been able to support
weight through the lower extremities when held in standing
at 5 months of age.

Case 3

This full-term boy was profoundly hypotonic when diag-
nosed with infantile-onset Pompe disease at age 8 months
and when he started ERT at age 18 months. He showed

slight improvement in movement of the hands and feet with
ERT but remained extremely hypotonic with minimal
antigravity movement. At the age of 21 months, while in
the hospital for a gastrostomy tube replacement, tenderness
and swelling of the right leg was noted and radiographs
revealed an oblique fracture of the right femur with diffuse
low BD (Fig. 2). There was no known history of trauma.
He was treated with a modified Pavlik harness, and the
fracture healed well. Metabolic skeletal survey showed
diffuse low BD. Nutrition review showed adequate calcium
and vitamin D intake, and electrolytes and PTH were
normal. He never sat independently, stood or walked, was
never able to support weight through the lower extremities
when held in standing, and had not used a standing device
prior to his diagnosis of fracture.

Case 4

This full-term boy with infantile-onset Pompe disease
began ERT at age 9 months, at which time he was
hypotonic and could not support weight through the lower
extremities when held in standing. By 15½ months, he was
able to sit independently, creep on hands and knees, pull to
stand and stand with support, and used a standing device.
Chest radiograph at age 15½ months for follow-up of
cardiomegaly incidentally showed narrowed vertebral bod-
ies and a compression fracture of T8 (Fig. 3). A metabolic
survey showed diffuse decrease in BD (Fig. 3). There was
no known history of trauma and no clinical manifestations
of fracture. Nutrition review, electrolytes, calcium, vitamin
D, alkaline phosphatase and PTH were all normal.

Review of reports of fractures in patients receiving ERT
at other institutions

A summary of the demographic and clinical information for
the ten children with Pompe disease on ERT at other
institutions with fracture reported in MedWatch reports
from 2001 to 2006 is presented in Table 2.

Patients with Pompe disease on ERT in different clinical
trials from 2001 to 2006 were reviewed via MedWatch
reports. A total of 15 fractures were noted in ten children, with
a total of 11 femoral fractures, 2 tibial fractures, and 2 humeral
fractures (Table 2). Of the two children who had multiple
fractures, one had four fractures and the other had three frac-
tures. The total population of individuals with Pompe dis-
ease receiving ERT in May 2006 was approximately 300.

The median age at which the first fracture occurred in
the 14 children reported was 22.75 months (ranging from
13 months–8 years). The median age at which ERT was
initiated was 8.5 months (ranging from 2 months–8 years).
The median time on ERT prior to the first fracture was

Fig. 1 A 13-old-month boy with Pompe disease treated with ERT
now with a right femur fracture. Collimated frog-leg lateral view of
the right femur shows the cortical disruption (arrow). Note also
decreased bone density
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12 months (ranging from 2–33 months). All children who
sustained long-bone fractures showed a lack of weight
bearing at the time of fracture. None of the children treated
at our institution who were walking or who were weight
bearing had long-bone fractures. Although the four children
with fracture treated at our institution had no history of
trauma, some of the fractures reported via MedWatch were
associated with minimal or mild trauma of various types,
with a few fractures occurring in physical therapy sessions.

Discussion

Pompe disease is both a neuromuscular disease and a
lysosomal storage disease, and increased risk of fracture in
infants and children with Pompe disease might be expected
secondary to a decrease in bone strength from nutritional
factors, decreased muscular activity, decreased weight
bearing, and perhaps metabolic effects of the lysosomal
storage disturbance. An increased incidence of fracture has
been reported in other motor unit diseases [14–24] and in
other lysosomal storage diseases [25, 26]. However,
fractures were not described as a complication of Pompe
disease in infants and children prior to the advent of ERT.

We report here on fractures in four of our patients with
infantile-onset Pompe disease on ERT and 15 additional
cases of fracture in ten patients on ERT that were reviewed

with MedWatch reports provided by Genzyme Pharmaco-
vigilance. A number of factors might contribute to the risk
of fracture. Decreased BD was documented in 13 of the 14
patients reported here and is presumed to be a substantial
risk factor for fracture, as it is in other neuromuscular
disorders [15, 27–31]. Decreased BMD is probably multi-
factorial in infants and children with Pompe disease with
weakness, immobility, decreased physical activity, and de-
creased weight bearing significant, as in any underlying
myopathy [15, 21, 32, 33], possibly exacerbated by feeding
difficulties, medication such as non calcium-sparing diuretics
(calciuric diuretics) and steroids. Other causes might include
factors such as stage of underlying disease, muscle fiber
type, the presence or absence of cross-reacting immunolog-
ical material (CRIM) [11], with CRIM-negative status a
potentially negative prognostic factor [6, 11, 12], and other
causes not currently recognized.

The evolution of BD in any given child is probably
multifactorial as evidenced by the fact that BMD measured
in children with Pompe disease on ERT does not
necessarily correlate with gross motor status, level of
weakness, and weight-bearing status [34], a lack of
correlation that is also true in spinal muscular atrophy
[32]. Decreased BD has been reported in other lysosomal
storage diseases with more intrinsic bony mechanisms
identified, including osteonecrosis and imbalance between
osteoblast and osteoclast activity [25, 26], factors that have

Fig. 2 A 21-month-old boy
with Pompe disease treated
with ERT with a femur fracture.
Slightly oblique frontal view (a)
and true lateral view (b) of the
right femur demonstrate acute
mildly angulated femur fracture.
Mild decrease in bone density is
also noted

Pediatr Radiol (2007) 37:437–445 441



not yet been studied in Pompe disease. Not all patients with
Pompe disease and decreased BD experience fractures [34].
Strength and integrity of bone depends not only on BD but
on complex characteristics of the bone including the
proportion and arrangement of cortical and trabecular bone,
patterns of trabecular systems, and the configuration and
alignment of bone, all of which depend in part on normal

muscle pull and normal weight bearing. These character-
istics are not reflected by DEXA scores because DEXA
does not distinguish between trabecular and cortical bone
[15], which could be why a relationship between the risk of
fracture and decreased BMD as measured by DEXA and
based on Z scores in children has not been established [15].
Another factor that could predispose to fracture is muscle
deficiency. Factors such as the ability of muscle to provide
stability, protection and shock absorption during force
application are compromised in the presence of weakness
and could contribute to the risk of fracture.

The youngest age at which fracture occurred in the
children reported in this series was 13 months, which is
beyond the previously typical age of survival of most
children with infantile-onset Pompe disease without ERT,
and it is possible that children did not survive long enough
in the past for fractures to occur and be observed and
reported. To date, there has been only a single case of
fracture reported in the literature, in an adult [35] with late-
onset Pompe disease. He was not on ERT and developed a
thoracic vertebral compression fracture (T12).

In our case series of four children with infantile-onset
Pompe disease, magnesium, calcium, phosphorus and
serum PTH levels, where available, were normal. All
patients had an adequate calcium and vitamin D intake
and overall were in a good state of nutrition as verified by
our metabolic dietician. All patients also had decreased BD
as seen on radiographic evaluation. Laboratory work-up
was essentially normal and excluded vitamin D or
hyperparathyroidism as a cause for their decreased BD.

Biomechanical compromise from weakness and lack of
normal weight bearing might have had a significant role in
fracture risk in these patients. In all three cases of femur
fracture in our patients, the children were profoundly
hypotonic, with lower extremities essentially immobile in
flexion/abduction/external rotation, and were unable to
support weight through the lower extremities when held
in standing at the time of fracture. The ten additional
children on ERT identified and examined with MedWatch
with 15 long-bone fractures had significant residual motor
impairment and were not weight bearing at the time of
fracture. Patient 4 had a thoracic fracture but did not have a
long-bone fracture. He had a history of sitting with an
extremely rounded back, secondary to decreased strength in
spinal extensors and decreased hamstring extensibility.
Spinal kyphosis is a position associated with vertebral
fractures [36] and a position in which loading through the
vertebral bodies would be decreased or altered [37].

This study is the first to show that insufficiency fracture
can be a complication in children with Pompe disease who
are now surviving longer with ERT and that the fracture
could be related, at least in part, to a combination of residual
weakness, decreased BD, and lack of weight bearing each of

Fig. 3 A 15-month-old boy with Pompe disease treated with ERT
now with decreased bone density and compression fracture. a Lateral,
collimated view of the lower thoracic spine shows anterior wedge
deformity (arrow) of the T8 vertebral body. b AP view of both knees
demonstrates decreased bone density
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which may involve complex mechanisms described above.
Of the 14 children, 13 had a documented decrease in BD, all
had residual weakness, and none was ambulatory. None of
the children who sustained long-bone fractures was able to
support weight through the lower extremities at the time of
fracture, suggesting that lack of weight bearing is a
significant risk factor, as would be expected. A limitation
of the study is its retrospective nature and the very fragile
population, limiting our ability to collect related data or
further laboratory data. Further studies are required to
delineate the cause or causes of decreased BD and decreased
bone strength, including histological analysis of bone to
examine whether there is osteonecrosis similar to that noted
in Gaucher disease or an imbalance between osteoblast and
osteoclast activity that could be related to the underlying
disease process itself.

With identification of the increased risk of fracture with
increased survival with the use of ERT in children with Pompe
disease, issues of surveillance and intervention are raised.
Incidental identification of a vertebral compression fracture
on radiographs in a patient in our series, without the presence
of clinical manifestations, suggests that additional screening
for such fractures, which would have the potential to become
symptomatic or compromise the integrity of the vertebral
column over time (e.g., fracture-related kyphosis or scoliosis),
is warranted in individuals with Pompe disease.

In considering appropriate imaging studies in identifying
decreased BD, it should be noted that at least 40% of bone loss
is required before osteopenic changes can be seen on radio-
graphs. Given this limitation (a limitation of this study, also)
and the current limitations of DEXA as previously discussed,
more sophisticated methods of assessing bone mineral density
such as single-energy quantitative CT are warranted, and dual-
energy quantitative CT, peripheral quantitative CT, and
quantitative long-bone ultrasonography, as they evolve, might
yield more relevant information on BD in children.

Based on our clinical experience, we recommend an initial
limited bone survey (lateral complete spine, and single AP
view of all extremities, and single chest and abdomen with
orthogonal views of any positive or suspicious areas) with
consideration of DEXA scans at 1 year or older, which is the
age at which norms currently exist. Baseline assessment of an
individual’s BD, with follow-up at clinically relevant points in
time, could be useful in clinical management of that
individual. More data are needed on the significance and
clinical usefulness of information gained from DEXA, as well
as from other types of imaging, with a need for more
normative data and the potential clinical relevance of changes
in DEXA scores and other measurement over time.

Awareness of the risk of fracture and surveillance to
allow monitoring of BD, BMD, and characteristics of bone
strength over time might allow timely application of

Table 2 Demographic and clinical information for the ten patients with Pompe disease identified with fracture in MedWatch reports

Patient Gender Age (months) Fracture Gross motor Decreased
bone
density

Medication at time of fracturea

ERT
start

Fracture

5 F 9 32 L femur Immobile Yes Hydrochlorothiazide,
spironolactone, vitamin D,
calcium, furosemide

6 F 33 48 L femur Immobile Yes Vitamin D
7 M 36 48 L femur Wheelchair; no weight bearing Unknown Hydrochlorothiazide, furosemide,

spironolactone, propranolol
8 F 8 15 L femur Immobile Yes Unknown
9 M 5 20 R femur No weight bearing Yes Corticosteroids, furosemide,

spironolactone, vitamin C,
calcium, phosphonic acid

22 R tibia Immobile
24 L humerus
28 R humerus

10 F 84 96 L femur Wheelchair; no weight bearing
through lower extremities

Yes Levalbuterol

11 M 6 39 L femur Immobile Yes Not provided
12 F 2 13 L femur No weight bearing Yes Heparin, diphenhydramine,

sucralfate15 R femur
23 R femur

13 M 97 99 L tibia Vent-dependent with tracheostomy No
14 F 6 24 R femur Rolling from prone to supine;

independent head control in
supported sitting

Yes Metoprolol, hydrochlorothiazide,
spironolactone

aMedication with potential impact on bone density.
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possible treatment or prevention methods such as: avoid-
ance of medications that have the potential to decrease bone
density, such as steroids and calciuric diuretics, where
possible, physical therapy that includes careful use of
exercise and earlier use of supported standing and standing
devices that have been shown to be of benefit in other
diagnoses [38–41], caution in the application of forces and
positioning, and possible consideration of bisphosphonate
therapy [5, 42–44]. Further research is needed regarding
methods of prevention of, and intervention for, fracture in
children with Pompe disease with increased survival with
ERT.

Conclusion

The advent of ERT for individuals with Pompe disease has
paved the way for the survival of these children that was
not possible in the past, and for optimization of motor
function, with some children now walking and even
running. However, an increased risk of fractures has been
identified, perhaps especially in children with a less robust
motor response and in those who are not walking and not
weight bearing, as shown by this case series, demonstrating
the need for careful monitoring and further investigation.
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Genzyme Corporation. Y.T.C. has served as a consultant for Genzyme
Corporation. rhGAA, in the form of Genzyme’s product, Myozyme,
has now been approved by the US FDA and the European Union as
therapy for Pompe disease. Duke University and inventors of the
method of treatment and predecessors of the cell lines used to generate
the enzyme (rhGAA) used in the clinical trials could benefit
financially pursuant to the University’s Policy on Inventions Patents
and Technology.

References

1. Hirschhorn R, Reuser AJ (2001) Glycogen storage disease type II:
acid alpha-glucosidase (acid maltase) deficiency. In: Scriver AB,
Sly W et al (eds) The metabolic and molecular bases of metabolic
disease. McGraw Hill, New York, pp 3389–3420

2. Kishnani PS, Howell RR (2004) Pompe disease in infants and
children. J Pediatr 144:S35–S43

3. van den Hout HM, HopW, van Diggelen OP et al (2003) The natural
course of infantile Pompe’s disease: 20 original cases compared with
133 cases from the literature. Pediatrics 112:332–340

4. Kishnani PS, Hwu WL, Mandel H et al (2006) A retrospective,
multinational, multicenter study on the natural history of infantile-
onset Pompe disease. J Pediatr 148:671–676

5. Kishnani PS, Steiner RD, Bali D et al (2006) Pompe disease
diagnosis and management guideline. Genet Med 8:267–288

6. Amalfitano A, Bengur AR, Morse RP et al (2001) Recombinant
human acid alpha-glucosidase enzyme therapy for infantile
glycogen storage disease type II: results of a phase I/II clinical
trial. Genet Med 3:132–138

7. Klinge L, Straub V, Neudorf U et al (2005) Safety and efficacy of
recombinant acid alpha-glucosidase (rhGAA) in patients with
classical infantile Pompe disease: results of a phase II clinical trial.
Neuromuscul Disord 15:24–31

8. van den Hout H, Reuser AJ, Vulto AG et al (2000) Recombinant
human alpha-glucosidase from rabbit milk in Pompe patients.
Lancet 356:397–398

9. Van den Hout JM, Kamphoven JH, Winkel LP et al (2004)
Long-term intravenous treatment of Pompe disease with
recombinant human alpha-glucosidase from milk. Pediatrics
113:e448–e457

10. Van den Hout JM, Reuser AJ, de Klerk JB et al (2001)
Enzyme therapy for Pompe disease with recombinant human
alpha-glucosidase from rabbit milk. J Inherit Metab Dis
24:266–274

11. Kishnani PS, Nicolino M, Voit T et al (2006) Chinese hamster
ovary cell-derived recombinant human acid alpha-glucosidase in
infantile-onset Pompe disease. J Pediatr 149:89–97

12. Kishnani PS, Corzo D, Nicolino M et al (2007) Recombinant
human acid alpha-glucosidase. Major clinical benefits in infantile-
onset Pompe disease. Neurology 68:99–109

13. Lewiecki EM, Watts NB, McClung MR et al (2004) Official
positions of the international society for clinical densitometry. J
Clin Endocrinol Metab 89:3651–3655

14. Bianchi ML, Mazzanti A, Galbiati E et al (2003) Bone mineral
density and bone metabolism in Duchenne muscular dystrophy.
Osteoporos Int 14:761–767

15. Biggar WD, Bachrach LK, Henderson RC et al (2005) Bone
health in Duchenne muscular dystrophy: a workshop report from
the meeting in Cincinnati, Ohio, July 8, 2004. Neuromuscul
Disord 15:80–85

16. Bothwell JE, Gordon KE, Dooley JM et al (2003) Vertebral
fractures in boys with Duchenne muscular dystrophy. Clin Pediatr
(Phila) 42:353–356

17. Burke SW, Jameson VP, Roberts JM et al (1986) Birth fractures in
spinal muscular atrophy. J Pediatr Orthop 6:34–36

18. Granata C, Giannini S, Villa D et al (1991) Fractures in
myopathies. Chir Organi Mov 76:39–45

19. Gray B, Hsu JD, Furumasu J (1992) Fractures caused by falling
from a wheelchair in patients with neuromuscular disease. Dev
Med Child Neurol 34:589–592

20. Hsu JD (1979) Extremity fractures in children with neuromuscular
disease. Johns Hopkins Med J 145:89–93

21. Larson CM, Henderson RC (2000) Bone mineral density and
fractures in boys with Duchenne muscular dystrophy. J Pediatr
Orthop 20:71–74

22. McDonald DG, Kinali M, Gallagher AC et al (2002) Fracture
prevalence in Duchenne muscular dystrophy. Dev Med Child
Neurol 44:695–698

23. Vestergaard P, Glerup H, Steffensen BF et al (2001) Fracture risk
in patients with muscular dystrophy and spinal muscular atrophy.
J Rehabil Med 33:150–155

24. Talim B, Malaguti C, Gnudi S et al (2002) Vertebral compression
in Duchenne muscular dystrophy following deflazacort. Neuro-
muscul Disord 12:294–295

25. Germain DP, Benistan K, Boutouyrie P et al (2005) Osteopenia
and osteoporosis: previously unrecognized manifestations of
Fabry disease. Clin Genet 68:93–95

26. Pastores GM, Meere PA (2005) Musculoskeletal complications
associated with lysosomal storage disorders: Gaucher disease and

444 Pediatr Radiol (2007) 37:437–445



Hurler-Scheie syndrome (mucopolysaccharidosis type I). Curr
Opin Rheumatol 17:70–78

27. Apkon SD (2002) Osteoporosis in children who have disabilities.
Phys Med Rehabil Clin N Am 13:839–855

28. Brunner R, Doderlein L (1996) Pathological fractures in patients
with cerebral palsy. J Pediatr Orthop B 5:232–238

29. Henderson RC, Lark RK, Gurka MJ et al (2002) Bone density and
metabolism in children and adolescents with moderate to severe
cerebral palsy. Pediatrics 110(1 Part 1):e5

30. Jiang SD, Dai LY, Jiang LS (2006) Osteoporosis after spinal cord
injury. Osteoporos Int 17:180–192

31. Quinlivan R, Roper H, Davie M et al (2005) Report of a Muscular
Dystrophy Campaign funded workshop Birmingham, UK, January
16th 2004. Osteoporosis in Duchenne muscular dystrophy; its
prevalence, treatment and prevention. Neuromuscul Disord 15:72–79

32. Kinali M, Banks LM, Mercuri E et al (2004) Bone mineral density
in a paediatric spinal muscular atrophy population. Neuropediatrics
35:325–328

33. Douvillez B, Braillon P, Hodgkinson I et al (2005) Pain,
osteopenia and body composition of 22 patients with Duchenne
muscular dystrophy: a descriptive study. Ann Readapt Med Phys
48:616–622

34. Krishnamurthy V, Hanna R, Mackey JM et al (2005) Osteopenia in
Pompe disease: a case series presentation. Paper presented at the
meeting of the Society of InheritedMetabolic Disorders,Monterey, CA

35. Oktenli C (2000) Renal magnesium wasting, hypomagnesemic
hypocalcemia, hypocalciuria and osteopenia in a patient with
glycogenosis type II. Am J Nephrol 20:412–417

36. Huang MH, Barrett-Connor E, Greendale GA et al (2006)
Hyperkyphotic posture and risk of future osteoporotic fractures:
the Rancho Bernardo study. J Bone Miner Res 21:419–423

37. Orchowski J, Polly DW Jr, Klemme WR et al (2000) The
effect of kyphosis on the mechanical strength of a long-
segment posterior construct using a synthetic model. Spine
25:1644–1648

38. Chad KE, Bailey DA, McKay HA et al (1999) The effect of a
weight-bearing physical activity program on bone mineral content
and estimated volumetric density in children with spastic cerebral
palsy. J Pediatr 135:115–117

39. Goemaere S, Van Laere M, De Neve P et al (1994) Bone mineral
status in paraplegic patients who do or do not perform standing.
Osteoporos Int 4:138–143

40. Gudjonsdottir B, Mercer VS (2002) Effects of a dynamic versus a
static prone stander on bone mineral density and behavior in four
children with severe cerebral palsy. Pediatr Phys Ther 14: 38–46

41. Ward K, Alsop C, Caulton J et al (2004) Low magnitude
mechanical loading is osteogenic in children with disabling
conditions. J Bone Miner Res 19:360–369

42. Bianchi ML (2005) How to manage osteoporosis in children. Best
Pract Res Clin Rheumatol 19:991–1005

43. Hawker GA, Ridout R, Harris VA et al (2005) Alendronate in the
treatment of low bone mass in steroid-treated boys with Duchennes
muscular dystrophy. Arch Phys Med Rehabil 86:284–288

44. Wagner KR, Lechtzin N, Judge DP (2007) Current treatment of
adult Duchenne muscular dystrophy. Biochim Biophys Acta
1772:229–237

Pediatr Radiol (2007) 37:437–445 445


	Fractures in children with Pompe disease: a potentiallong-term complication
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Patient identification
	Imaging evaluation

	Results
	Case reports
	Case 1
	Case 2
	Case 3
	Case 4


	Review of reports of fractures in patients receiving ERT at other institutions
	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


