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FRACTURE RISK IN PATIENTS WITH MUSCULAR DYSTROPHY AND
SPINAL MUSCULAR ATROPHY
Peter Vestergaard,1 Henning Glerup,1 Birgit F. Steffensen, 2 Lars Rejnmark MD,1 Jes Rahbek2 and
Leif Mosekilde 1
From the 1Department of Endocrinology and Metabolism C, Aarhus Amtssygehus, Aarhus University Hospital, Aarhus and
2
Institute for Neuromuscular Diseases, Aarhus, Denmark

We aimed at studying fracture risk in patients with
Duchenne’s muscular dystrophy (DMD), Becker’s muscular
dystrophy (BEMD), and spinal muscular atrophy type II
and III (SMA II and III). A self-administered questionnaire
was mailed to 293 patients with DMD, BEMD, SMA II or
SMA III of which 229 returned the questionnaire. Each
respondent was compared with an age- and gender-matched
control subject. The mean age was 23.9 § 15.9 years for the
patients and 23.3 § 16.5 years for the controls. There were
signi cantly more fractures among patients than controls
after the diagnosis was made (RR = 1.9), but not before. The
patients had more fractures of the femurs, lower legs, and
upper arms than the controls. Low energy fractures were
more frequent in patients than controls (9% vs 0%). Many
fractures in the femurs (40%), lower legs (35%), and feet
and toes (44%) led to a permanent loss of function. Loss of
ambulation was the major risk factor for fractures. In
conclusion, fracture risk is increased in neuromuscular
disease.
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INTRODUCTION

Ó

Immobilization leads to loss of mineral from the skeleton (1–5),
and a low bone mineral increases the risk of fractures (6).
Neuromuscular disease, such as muscular dystrophy or spinal
muscular atrophy (7, 8), spinal cord injury following traumas (6)
or myelomeningocele (9) may lead to immobilization and thus
loss of bone mineral. In spinal muscular atrophy and spinal cord
injury, the nervous system is primarily affected, and the muscles
are affected secondarily. In these primary nerve lesions, the
pattern of muscle affection may modulate the occurrence of
fractures (6) and bone mineral loss (2). In rat models of tibial
fractures, severing of the sciatic nerve to the fractured leg may
have positive systemic effects on other parts of the skeleton
suggesting that the nervous system may be involved in bone
formation other than locally through the effect on the muscles
2001 Taylor & Francis. ISSN 1650–1977

(10). Furthermore, electrical stimulation of a severed sciatic
nerve may preserve bone mineral in an otherwise immobilized
rat leg suggesting that the mechanical load of the muscles may
compensate for the immobilization (11). In spinal cord injury,
patients with cervical lesions and paralysis have a lower bone
mineral in the femoral neck than patients with lumbar lesions
and spastic paresis (2). This may be the result of the tone of the
spastic muscles being able to maintain some external load on the
bones and thus conserve bone mineral. On the other hand
patients with lumbar lesions tend to have more fractures than
patients with cervical lesions (6). This discrepancy between
bone mineral and fracture occurrence may be the result of a
higher level of physical activity and thus risk of falling in
patients with lumbar lesions and stresses the necessity of not
solely relying on measured bone mineral in predicting fracture
risk among immobilized patients. The neuromuscular diseases
include Duchenne’s type muscular dystrophy (DMD), Becker’s
muscular dystrophy (BEMD), and spinal muscular atrophy
(SMA). The primary muscle diseases without impairment of
the locomotor system are DMD and the milder form BEMD.
Among neuromuscular diseases of the nervous system leading to
secondary muscular atrophy are spinal muscular atrophy type II
(SMA II) and the milder form spinal muscular atrophy type III
(SMA III) (12, 13). Muscular dystrophy and spinal muscular
atrophy thus presents an excellent model for studying potential
differences in skeletal biomechanical reaction to primary
nervous system disease and primary muscle disease with
principally intact innervation when stratifying for the level of
physical impairment.
In a previous study, Granata et al. (14) reported that 16.5% of
145 patients DMD had had previous fractures while 9.3% of 93
patients with SMA I, II or III had had previous fractures. The
fractures were particularly fractures of the femurs and humeral
bones. Likewise, Hatano et al. (15) found that 12.8% of 148
patients with DMD had had previous fractures, especially femur
and humerus fractures. Many of the fractures in patients with
neuromuscular diseases are due to falls in general and falls from
wheelchairs in particular (16)—falls that do often result in femur
fractures (16, 17). The previous reports have mainly studied
patients with DMD (15–19), and only one study has presented a
larger group of SMA patients (14). Most of the studies have
presented case series (16–19). None of the studies have
compared patients with the different types of neuromuscular
diseases or have compared fracture incidence to control groups
from the background population. Apart from the loss of bone
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Table I. Baseline characteristics of respondents (mean and standard deviation)
Normal
controls

Group

DMD

BEMD

SMA II

SMA III

Pa

All patients

Males/females
Age (years)
Age at  nal diagnosis b
(years)
Time since diagnosis
(years)
Use of wheelchair c (%)
Response (%)
RR (95% CI) before
diagnosis
RR (95% CI) after
diagnosis

99/–
16.3 § 8.1
3.5 § 1.9

40/–
31.3 § 16.6
8.1 § 7.8

29/23
23.0 § 15.3
1.4 § 1.8

21/16
37.5 § 19.3
13.0 § 16.5

–
<0.001
<0.001

189/39
23.9 § 15.9
5.3 § 8.4

12.8 § 7.8

23.4 § 15.4

21.6 § 14.6

23.9 § 15.9

<0.001

18.5 § 13.5

90
87
0.6 (0.1–4.6)

29
73
0.6 (0.2–1.5)

<0.001
0.087
–

65
0
–
78
0.6 (0.3–1.1)
1.0

2.6 (1.9–3.5)

1.1 (0.6–1.9)

0.030 e

70
73
0.8 (0.4–1.9)
2.0 (1.4–2.8)

50
85
0.3 (0.1–1.2)
1.5 (0.96–2.4)

d

189/39
23.3 § 16.5
–
–

1.9 (1.5–2.5)

1.0

DMD: Duchenne’s muscular dystrophy, BEMD: Becker’s muscular dystrophy, SMA II/III: spinal muscular atrophy type II or III
RR: relative risk of fracture compared with normal controls.
a
Comparison of patient groups.
b
Age at which a  nal de nite diagnosis was made, several patients had had symptoms for a period before the  nal diagnosis was made.
c
Based on the Vignos Scale.
d
Some patients were too young to use wheelchairs.
e
Calculated in a Cox regression (forward likelihood ratio method) with time until  rst fracture as dependent variable, and diagnosis type (all
four types entered) as independent variable.

mineral, it may also be expected that the patients with
neuromusculardiseases have a somewhat lower level of physical
activity than the background population, and thus perhaps are
less prone to fracture producing traumas.
We chose to perform a study on fracture occurrence in a
cohort of patients with muscular dystrophy and spinal atrophy to
assess the frequency, the distribution, the nature, and the clinical
consequences of fractures. This with special reference to the
difference between patients with primary muscle disease and
patients with muscular atrophy secondary to nervous system
impairment.

MATERIAL AND METHODS
A self-administered questionnaire was mailed to 293 patients with
muscular dystrophy and spinal muscular atrophy who were living in
Denmark. After 6 weeks the questionnaire was re-issued to nonrespondents. The study was approved by the Regional Ethics Committee
(Aarhus County no. 1998/4347). The patients were compared with
responses from identical questionnaires from an age- (§5 years) and
gender-matched control group, randomly drawn from an issue of the
questionnaire to a random sample of subjects from the background

population. This control group consisted of 2634 responses to 4600
previously issued questionnaires (response rate 57.3%). The fracture rate
among the controls was close to that seen in the general Danish
population, and repeated issues of the questionnaire yielded similar
responses. The questionnaire had been validated in both adults and
children, and had been used with success in previous studies (6, 20). The
main questions concerning fracture occurrence were: “have you ever
sustained a fracture to a bone?”, and in case of fractures: “how old were
you, when you sustained the fracture?”, “what bone in the skeleton
fractured?”, etc. All patients were diagnosed at specialized units of
neurology, and the diagnoses were based on clinical criteria, blood
samples (creatine kinase CK), muscle biopsy, family history, and in
some cases genetic testing according to international guidelines (13)
(Table I).
The degree of physical impairment was assessed using the Vignos
scale (21, 22) (Table II) based on the patients’ reports in the
questionnaires. The study had a power of 90% to detect a doubling of
crude fracture incidence among 228 patients and 228 controls with a
mean observation time after diagnosis of 15 years. Variables covered by
the questionnaire are shown in Tables I and II. In case of fractures the
participants were asked—in their own words—to describe which bone(s)
had fractured, what had caused each individual fracture (e.g. a fall, an
automobile accident etc.), whether or not he or she had undergone
surgery for each fracture, whether or not he or she had been treated with
plaster of Paris for each fracture, and whether each individual fracture
had been treated on an inpatient or outpatient basis. If the patient was a

Table II. The Vignos scale (21)
Grade

Function level

1
2
3
4
5
6
7
8
9

Walks and climbs stairs without assistance
Walks and climbs stairs with aid of railing
Walks and climbs stairs slowly with aid of railing (>25 seconds for eight standard steps)
Walks unassisted and rises from chair but cannot climb stairs
Walks unassisted but cannot rise from chair or climb stairs
Walks only with assistance or walks independently with long leg braces
Walks in long leg braces but requires assistance for balance
Stands in long leg braces but unable to walk even with assistance
Is in wheelchair

n (%)
11 (5%)
44 (20%)
4
0
6
5
8
143

(2%)
(0%)
(3%)
(2%)
(4%)
(65%)

J Rehabil Med 33

152

P. Vestergaard et al.

Table III. Fracture risk in patients compared with normal controls strati ed by skeletal site

Site

DMD ‡ BEMD RR
(95% CI)

SMA II ‡ III RR
(95% CI)

All RR (95% CI)

Permanent loss of function
following the fracture n
yes/no, and (%)

Skull and jaws
Spine
Forearm
Upper arm
Hands and  ngers
Femur
Lower leg
Feet and toes
Clavicles
Other
Overall

0.0
0.0
0.5
3.1
0.2
27.3
8.2
1.7
1.9
0.0
1.8

2.7
1.4
0.1
2.7
0.0
15.1
5.5
0.9
0.8
2.7
1.1

1.3
0.7
0.3
2.9
0.1
21.4
6.9
1.3
1.3
1.3
1.5

0/1 (0%)
0/1 (0%)
1/7 (13%)
2/8 (20%)
1/1 (50%)
12/18 (40%)
12/22 (35%)
4/5 (44%)
0/7 (0%)
0/1 (0%)
32/71 (31%)

(–)
(–)
(0.2–1.1)
(1.0–9.6)*
(0.1–0.7)*
(10.5–70.8)*
(4.0–16.7)*
(0.6–4.8)
(0.6–5.8)
(–)
(1.3–2.5)*

(0.2–39.1)
(0.1–15.0)
(0.0–0.3)*
(0.8–9.0)
(–)*
(4.9–46.6)*
(2.4–12.3)*
(0.2–3.4)
(0.2–3.8)
(0.2–39.1)
(0.7–1.6)

(0.1–21.1)
(0.1–7.2)
(0.1–0.6)*
(1.1–8.0)*
(0.0–0.3)*
(7.9–57.7)*
(3.4–13.8)*
(0.5–3.4)
(0.5–3.8)
(0.3–21.1)
(1.1–1.9)*

* p < 0.05, Mantel-Haenszel w2 test.
A permanent function loss refers to a self-reported permanent loss of any function, e.g. the ability to walk.
DMD: Duchenne’s muscular dystrophy, BEMD: Becker’s muscular dystrophy, SMA II/III: spinal muscular atrophy type II or III.
RR: relative risk compared with normal controls adjusted for age and sex.
minor (<18 years) the parents were asked to  ll in the questionnaire. A
separate analysis of those responding in the  rst and second round of the
questionnaires did not change the results concerning age and gender
distribution, or fracture rates signi cantly.
Based on the participants’ accounts of the fractures, the energy
(force) associated with each fracture was categorized in a blinded
design by one of the investigators (PV) into: (1) low-energy fracture
(i.e. a fracture occurring after minor or no trauma); (2) medium-energy
fracture (i.e. a fracture occurring after a fall at the same level, dropping
medium weight objects onto/squeezing  ngers or toes etc.); and (3)
high-energy trauma (i.e. a fracture occurring after a fall from one level
to another, car accidents, etc.). The blinded intra-observer Kappa
coef cient for this classi cation was 0.87. A comparison of forearm
bone mineral density (BMD) in a consecutive series of 23 patients with
forearm fractures showed signi cantly higher BMD in the nonfractured forearm in those with high (n = 8, mean BMD
0.482 § 0.076 g/cm2 ) than in those with medium energy traumas
(n = 15, mean BMD 0.380 § 0.072 g/cm2 , 2p < 0.01). This indicates
that the classi cation is a valid indicator of bone biomechanical
competence. The location of the fractures was categorized in a blinded
design by one of the investigators (PV) based on the descriptions made
by the patients or their parents into the categories shown in Table III.
This classi cation had an intra-observer Kappa coef cient of 0.90. The
fracture rates in the control group were comparable with those from the
Danish population in general when comparing with tables from the
Danish Board of Health (23). The validity of fracture reports was
evaluated in an independent sample. Among these subjects 10 of 163
fractures could not be veri ed as being fractures (6.1%, 95% CI: 3–
11%) upon review of  les from hospitals, general practitioners, and Xray departments. The fractures that could not be veri ed, were three rib
fractures, two toe fractures, and a fracture of the knee cap, of the orbital
margin, the upper arm, a  nger and the coccygeal bone. No fractures
were detected among subjects not reporting fractures.
If more than one fracture occurred at the same time the largest bone
that fractured was counted as the fractured bone. Incidence rates were
calculated as number of fractures per 10000 observation-years (i.e.
multiple fractures at the same time point counted as one fracture
episode).
Incidence rates were compared by relative risks (RR) and statistical
comparisons were made using Mantel-Haenszel type w2 statistics.
Numbers were compared by w2 for contingency tables, Fisher’s exact
test or Mann-Whitney statistics when appropriate. Mantel-Haenszel
statistics were used to compare fracture occurrence in groups. All
comparisons were age- and gender-adjusted. Multiple comparisons were
performed by Cox proportional hazard method using SPSS for Windows
6.1.3. In the Cox analysis, patients with and without fractures were
compared using as time intervals the time from diagnosis until the  rst
J Rehabil Med 33

fracture date or time until current date if no fractures had occurred.
Patients with BEMD and DMD were grouped together as primary
muscle disease and SMA II and SMA III grouped together as spinal
muscular atrophy to separate between primarily muscle disease and
muscular atrophy secondary to primarily neurogenic disease in the Cox
analysis.

RESULTS
Table I gives baseline characteristics of the respondents. A total
of 229 patients (78%) returned the questionnaire, one questionnaire could not be analysed due to missing general
information, and a further 13 questionnaires could not be
analysed due to missing information on fracture occurrence. In
none of the patient groups did the age among respondents differ
from that of the non-respondents.A total of 228 age- and gendermatched control subjects were used for comparison.
The gender distribution among the SMA II and III respondents was the same as the entire group of SMA II and III patients
who were contacted. The mean time since diagnosis was 18.5
years among the patients. Table II shows the best level of
function (the Vignos scale).
Before the diagnosis was made, the risk of fractures was not
increased among the patients compared to the control group
(Table I). After the diagnosis was made, there was a signi cant
increase in fracture risk in all patient groups compared with the
control group (Table I).
However, as can be seen from Table I, there was a close
association between the RR and the proportion of users of
wheelchairs in each diagnosis group, e.g. among patients with
SMA II 90% used wheelchairs and the RR of fracture was 2.6,
while only 29% of SMA III patients used wheelchair and their
RR was 1.1. Adjustment for physical impairment was done
using a Cox regression with age at diagnosis, muscular
dystrophy vs. spinal muscular atrophy, and total loss of ambulation (and thus dependency on wheelchair, Vignos grade 9)
vs ability to walk or stand as independent variables and time
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(63% vs 25% of controls, 2p = 0.09) had used them for less than
one year.
Fig. 1 shows the RR of fractures in patients compared to
controls before and after diagnosis. There was an increase in
crude fracture risk in patients more than  ve years after
diagnosis.

DISCUSSION

Fig. 1. Relative risk of fractures in patients compared with normal
controls before and after diagnosis. * p < 0.05.

until  rst fracture after diagnosis as dependent variable. This
Cox analysis showed that use of wheelchair as best level of
function was associated with an increased fracture risk
(RR = 4.2, 95% CI: 1.7–10.5) while patients with spinal
muscular atrophy had borderline signi cantly fewer fractures
than patients with primary muscle disease (RR = 0.55, 95% CI:
0.31–0.98). Age at diagnosis was not associated with fracture
risk (p = 0.94) neither in muscular dystrophy nor in spinal
muscular atrophy. If the Vignos scale (use of wheelchair as best
level of function vs ability to walk or stand at any time during
the day) was replaced by use of wheelchair at any time during
the day vs. no use of wheelchair at all, there was no difference
between those with muscular dystrophy and those with spinal
muscular atrophy (p = 0.075) in the Cox analysis. However, use
of wheelchair was still signi cantly associated with fracture
risk (RR = 3.4, 95% CI: 1.1–10.8). Age at diagnosis was not
associated with fracture risk (p = 0.76).
The patients had an increased risk of fractures to the lower
legs—in particular the femurs (Table III). A large percentage of
the fractures—especially the abundant fractures of the femurs,
lower legs, and feet and toes were followed by a permanent loss
of function (e.g. ability to walk)—Table III. The loss of function
after fractures in the lower extremities was more pronounced in
patients with DMD and BEMD than in SMA II and III (50% vs
19% of fractures of femurs, lower legs, or feet and toes led to
permanent function loss, 2p = 0.01).
There was a signi cantly increased frequency of low energy
fractures: 10 (9.2%) fractures in the patients resulted from minor
or no trauma versus none (0%) in the control subjects (p < 0.01).
Among the patients 68 (62.4%) of all fractures were medium
energy fractures versus 53 (53.5%) in the controls. For the highenergy fractures, 31 (28.4%) of fractures in the patients were
high-energy fractures against 46 (46.5%) in the controls.
No single risk factor other than those mentioned could be
associated with fracture risk among the patients. Participation in
sports activities was not associated with an increased fracture
risk (RR = 1.1, 95% CI: 0.7–1.6). Use of corticosteroidswas also
not associated with an increased fracture risk (RR = 1.2, 95% CI:
0.7–2.2), but only 22 of the patients (10% vs 6% of controls,
p = 0.09) had ever used corticosteroids, and most of the patients

Among the patients there was an increased fracture risk in the
femurs, and the lower legs similar to the observations in patients
with spinal cord lesions (6). The fracture risk was especially
prominent in the femurs (in particular in the femoral shaft)
which is a part of the skeleton with predominantly cortical bone.
The fractures had a signi cant impact on the patient level of
activities, approximately 35–40% of fractures of the femurs or
lower legs resulted in self-reported permanent loss of function
e.g. the ability to walk. Even small fractures of the feet and toes
often led to a permanent loss of function, especially among
patients with DMD and BEMD. The fractures may thus have a
major impact on overall quality of life and perhaps also on
survival. Fracture prevention is thus an important feature (30%
of all patients in this study had sustained at least one fracture
after they had been diagnosed). The higher loss of function
following fractures in DMD and BEMD in contrast to SMA II
and III may be a natural consequence of the fact that DMD and
BEMD patients have had a better initial ambulatory function at
the time of fracture. A loss of or dif culties in walking can in the
case of DMD or BEMD be perceived as a consequence of the
fracture. Among patients with an ambulatory function, even a
shorter period of immobilization (e.g. following a fracture) may
lead to a permanent loss of ambulation due to deterioration in
muscle function. In contrast, SMA II and III are more stable
conditions with little tendency towards progression, and most
patients are wheelchair users after childhood. Thus a fracture
may not contribute to further loss of function, since ambulation
may already be absent in most patients at the time of fracture.
The decreased risk of  nger and forearm fractures was probably
the result of the impaired general functional level of the patients.
Since the fracture risk was highest in patients with DMD and
BEMD, this group may bene t the most from fracture
prevention especially as fractures seemed to result in pronounced deterioration of function in these patients. Fracture
prevention may thus involve multidisciplinary measures,
primarily through maintenance of external load on the lower
extremities for as long as possible through stimulation of the
standing and/or walking function. This may be implemented
e.g. through the use of long leg braces in patients who have lost
the ability to walk. In patients with spinal cord injury it has
been shown that use of standing devices helped maintain bone
mineral in the lower extremities (24) through the external load.
Besides external loading some studies have shown bene cial
effects of bisphosphonates on bone mineral in patients
immobilised due to spinal cord injury (25–27), and this
approach may be useful in selected patients. Use of calcium
J Rehabil Med 33
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supplements should be considered carefully as immobilized
patients may have an increased excretion of calcium in the
urine (3) and thus an increased risk of kidney and urinary tract
calci cations.
The patients with DMD and BEMD had an increased fracture
risk in the upper arms, but no increased fracture risk in the
forearms. This in contrast to the patients with spinal cord lesions
who have a decreased risk of forearm fractures and no increase
in the risk of upper arm fractures (6). However, the patients with
muscular dystrophy and spinal muscular atrophy had a generalized loss of muscular tone thus also in the upper extremities and
the shoulder girdle muscles. The patients with cervical spinal
cord lesions have some normal muscular function and tone left
in the shoulder girdle (28) while patients with lesions below the
cervical spine had full normal function of the upper extremities
and probably a higher daily load on these than most of the
normal controls due to the use of manual wheelchairs. It thus
seems that external load to the bone is essential not just due to
mechanical loading, but also from the muscular tone (both
resting and during activity) that acts on the upper extremities
(especially the humerus).
The main predictor of fractures was use of wheelchair which
is a proxy variable for the type of disease, degree of
immobilization, degree of reduced physical activity (loss of
ambulation), and the degree of reduced muscular tone. It is
possible, that the small difference between patients with primary
muscle disease (DMD and BEMD) and spinal muscular atrophy
(SMA II and III) was due to more subtle differences in the
degree of muscle impairment not identi ed by the functional
classi cation used. Other studies have also shown that fracture
risk is increased in patients with physical impairment irrespective of the cause of the impairment (9, 29). In patients with
spinal cord injury the time interval from the injury until an
increased fracture risk can be detected is about three years (6). In
the present study, an increased fracture risk presented more than
5 years after diagnosis. This discrepancy may be the result of a
more gradual loss of motor function, especially in DMD and
BEMD, than in spinal cord injury, where the loss of motor
function is of sudden onset.
The age of our study group was much younger than that
usually seen in patients with osteoporosis, and our study group
was still in a phase of life with a growing skeleton in contrast to
older patients who are in a phase of life with a loss of bone.
Despite their younger age, the patients displayed a similar
fracture pattern as seen in much older patients with osteoporosis
following immobilization after spinal cord injury (6). Previous
studies on bone mineral in patients with neuromuscular
disorders have reported decreased bone mineral compared
with matched control groups (7, 8). We did not measure BMD
in our patients, but the higher proportion of low energy fractures
suggests a lower BMD in the patients. However, it should be
noted that in small children in the age groups comparable with
our patients, BMD may pose an uncertain measure, and
controversy exists as to the appropriate measurement sites and
the appropriate values to measure. As the skeleton is in a
J Rehabil Med 33

growing phase, BMD may tend to increase simply as a
consequence of the enlargement of the skeleton, and some
prefer measurements of bone mineral content (BMC) over
BMD. Furthermore, epiphyses may pose a problem for regional
scans, and whole body scans have been recommended, although
the interpretation of these is uncertain with respect to normal
range, some preferring to use the child as its own reference over
time (30). Furthermore, children with chronic diseases are often
underweight, and this may tend to give a false low BMD upon
measurement with bone mineral scanning (30).
The limitations of the study are mainly linked to the accuracy
of the fracture reports, the patients perhaps being more likely to
respond and to report fractures than the controls. However, the
fracture reports did in general seem valid in accordance with
 ndings from other studies (31).
The absence of an effect of corticosteroid use on fracture risk
may be due to the low number of users, and the short duration of
use.
In conclusion it seems that the physical impairment following
muscular dystrophy and spinal muscular atrophy leads to a
signi cant increase in the risk of fractures, particularly of the
lower extremities, and that these fractures frequently leads to a
deterioration of function level, especially in DMD and BEMD.
No major differences between primarily muscle and primarily
nerve disease was present.

ACKNOWLEDGEMENTS
Mrs Birthe Gosvig, Mrs Gerda Steen Larsen, Mrs Susan Larsen, and
Mrs Donna Lund are acknowledged for skilful technical assistance. The
patients are acknowledged for their participation.

REFERENCES
1. Biering Sorensen F, Bohr HH, Schaadt OP. Longitudinal study of
bone mineral content in the lumbar spine, the forearm and the lower
extremities after spinal cord injury. Eur J Clin Invest 1990; 20: 330–
335.
2. Biering Sorensen F, Bohr H, Schaadt O. Bone mineral content of
the lumbar spine and lower extremities years after spinal cord
lesion. Paraplegia 1988; 26: 293–301.
3. Chantraine A, Nusgens B, Lapiere CM. Bone remodeling during the
development of osteoporosis in paraplegia. Calcif Tissue Int 1986;
38: 323–327.
4. del Puente A, Pappone N, Mandes MG, Mantova D, Scarpa R,
Oriente P. Determinants of bone mineral density in immobilization:
a study on hemiplegic patients. Osteoporosis Int 1996; 6: 50–54.
5. Finsen V, Indredavik B, Fougner KJ. Bone mineral and hormone
status in paraplegics. Paraplegia 1992; 30: 343–347.
6. Vestergaard P, Krogh K, Rejnmark L, Mosekilde L. Fracture rates
and risk factors for fractures in patients with spinal cord injury.
Spinal Cord 1998; 36: 790–796.
7. Kanda F, Fuji Y, Takahashi K, Fujita T. Dual-energy X-ray
absorptiometry in neuromuscular diseases. Muscle Nerve 1994; 17:
431–435.
8. Hsu JD. Skeletal changes in children with neuromuscular disorders.
In: Factors and mechanisms in uencing bone growth. 1st ed. New
York: Alan R. Liss Inc.; 1982. p. 553–557.
9. Quan A, Adams R, Ekmark E, Baum M. Bone mineral density in
children with myelomeningocele. Pediatrics 1998; 102: E34.
10. Madsen JE, Aune AK, Falch JA, Hukkanen M, Konttinen YT,
Santavirta S, et al. Neural involvement in post-traumatic osteopenia:
an experimental study in the rat. Bone 1996; 18: 411–416.

Fractures in neuromuscular disorders
11. Wei CN, Ohira, Tanaka T, Yonemitsu H, Ueda A. Does electrical
stimulation of the sciatic nerve prevent suspension- induced
changes in rat hindlimb bones? Jpn J Physiol 1998; 48: 33–37.
12. Emery AEH. Diagnostic criteria for neuromuscular disorders. Royal
Society of Medicine Press: London; 1997.
13. Emery AEH. Neuromuscular disorders: clinical and molecular
genetics. Chichester: John Wiley & Sons; 1998.
14. Granata C, Giannini S, Villa D, Bon glioli Stagni S, Merlini L.
Fractures in myopathies. Chir Organi Mov 1991; 76: 39–45.
15. Hatano E, Masuda K, Kameo H. Fractures in Duchenne muscular
dystrophy—chie y about their causes. Hiroshima J Med Sci 1986;
35: 429–433.
16. Gray B, Hsu JD, Furumasu J. Fractures caused by falling from a
wheelchair in patients with neuromuscular disease. Dev Med Child
Neurol 1992; 34: 589–592.
17. Hsu JD, Garcia-Ariz M. Fracture of the femur in the Duchenne
muscular dystrophy patient. J Pediatr Orthop 1981; 1: 203–207.
18. Hsu JD. Extremity fractures in children with neuromuscular disease.
Johns Hopkins Med J 1979; 145: 89–93.
19. Siegel IM. Fractures of long bones in Duchenne muscular dystrophy. J Trauma 1977; 17: 219–222.
20. Vestergaard P, Krogh K, Rejnmark L, Laurberg S, Mosekilde L.
Fracture risk is increased in Crohn’s disease, but not in ulcerative
colitis. Gut 2000; 46: 176–181.
21. Vignos PJ Jr, Spencer GE, Archibald KC. Management of
progressive muscular dystrophy of childhood. JAMA 1963; 184:
103–110.
22. Vignos PJ, Wagner MB, Karlinchack B, Katirit B. Evaluation of a
program for long-term treatment of Duchenne muscular dystrophy.
J Bone Joint Surg 1996; 78-A: 1844–1852.

155

23. Sygdomsmønstret for indlagte patienter og ambulante patienter
1995. Sundhedsstatistikken 1997:5. Copenhagen: National Board of
Health; 1997.
24. Goemaere S, Van Laere M, De Neve P, Kaufman JM. Bone mineral
status in paraplegic patients who do or do not perform standing.
Osteoporosis Int 1994; 4: 138–143.
25. Minaire P, Depassio J, Berard E, Meunier PJ, Edouard C,
Pilonchery G, et al. Effects of clodronate on immobilization bone
loss. Bone 1987; 8 Suppl 1: S63–S68.
26. Minaire P, Berard E, Meunier PJ, Edouard C, Goedert G, Pilonchery
G. Effects of disodium dichloromethylene diphosphonate on bone
loss in paraplegic patients. J Clin Invest 1981; 68: 1086–1092.
27. Chappard D, Minaire P, Privat C, Berard E, Mendoza Sarmiento J,
Tournebise H, et al. Effects of tiludronate on bone loss in paraplegic
patients. J Bone Miner Res 1995; 10: 112–118.
28. Fujiwara T, Hara Y, Akaboshi K, Chino N. Relationship between
shoulder muscle strength and functional independence measure
(FIM) score among C6 tetraplegics. Spinal Cord 1999; 37: 58–61.
29. Cosman F, Nieves J, Komar L, Ferrer G, Herbert J, Formica C, et al.
Fracture history and bone loss in patients with MS. Neurology 1998;
51: 1161–1165.
30. Harcke HT. DXA in the growing skeleton. In: Blake GM, Wahner
HW, Fogelman I. The evaluation of osteoporosis: dual energy X-ray
absorptiometry and ultrasound in clinical practice. 2nd ed. London:
Martin Dunitz; 1999. p. 347–360.
31. Nevitt MC, Cummings SR, Browner WS, Seeley DG, Cauley JA,
Vogt TM, et al. The accuracy of self-report of fractures in elderly
women: evidence from a prospective study. Am J Epidemiol 1992;
135: 490–499.

J Rehabil Med 33

