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Background: Cerebral palsy is one of the most common causes of movement disorders in children, whilst myelomeningocele is the 
most severe form of spina bifida. Both motor dysfunctions result in chronic immobilisation that can lead to secondary low bone mass 
and even osteoporosis. In this context, risk factors for osteoporosis may also include low calcium and vitamin D intake from diet and 
long-term use of anticonvulsants or glucocorticosteroids. Long-bone and vertebral fractures in the course of secondary osteoporosis in 
children with significant motor activity limitation deteriorate their quality of life. The aim of the study was to assess the bone 
mineralisation status and vitamin D concentrations in children and adolescents with motor disabilities in the course of cerebral palsy 
and myelomeningocele. Materials and methods: We analysed data from medical records of 35 children aged 3–18 years, including 20 
children with cerebral palsy and 15 children with lumbar myelomeningocele. Selected parameters of calcium and phosphate metabolism, 
including serum 25-hydroxyvitamin D levels, and the results of a bone densitometry, using dual-energy X-ray absorptiometry in two 
paediatric measurement programs were assessed. Z-score equal to or lower than −2.0 was considered as criterion of low bone mass 
diagnosis. In 22/35 children the indications for diagnostics was motor disability (mainly) as well as long-bone and/or vertebral fractures. 
Results: Low bone mass was diagnosed in 27/35 evaluated patients, while osteoporosis in 16/32 patients. Vitamin D concentration not 
exceeding 30 ng/mL was found in 21/35 (60%) children. Conclusions: Measurements of bone mineral density in children with motor 
disabilities should be included in multidisciplinary medical care. In this group of patients the vitamin D in doses depending on its serum 
concentration may be used either prophylactically – before bone fracture – or curatively – after being diagnosed with osteoporosis.
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Wstęp: Mózgowe porażenie dziecięce jest jedną z najczęstszych przyczyn zaburzeń ruchowych u dzieci, a przepuklina oponowo- 
-rdzeniowa stanowi najcięższą formę rozszczepu kręgosłupa. Obie dysfunkcje ruchowe są powodem przewlekłego unieruchomienia, 
które może prowadzić do wtórnej niskiej masy kostnej, a nawet osteoporozy. W ich kontekście czynnikami ryzyka osteoporozy mogą 
być także niedobór wapnia i witaminy D w diecie, długotrwałe stosowanie leków przeciwdrgawkowych czy glikokortykosteroidów. 
Złamania kości długich i kręgów w przebiegu osteoporozy wtórnej u dzieci ze znacznym ograniczeniem aktywności ruchowej skutkują 
natomiast pogorszeniem jakości ich życia. Celem pracy była ocena stanu mineralizacji kości oraz stężeń witaminy D u dzieci 
i młodzieży z niepełnosprawnością ruchową w przebiegu mózgowego porażenia dziecięcego i przepukliny oponowo-rdzeniowej. 
Materiał i metody: Analizie poddano dokumentację 35 dzieci w wieku 3–18 lat – 20 z mózgowym porażeniem dziecięcym i 15 z przepukliną 
oponowo-rdzeniową odcinka lędźwiowego kręgosłupa. Oceniano parametry gospodarki wapniowo-fosforanowej, w tym stężenie 
25-hydroksywitaminy D, oraz wyniki badania densytometrycznego wykonywanego metodą dwuwiązkowej absorpcjometrii 
promieniowania rentgenowskiego w dwóch programach pediatrycznych. Z-score równe lub mniejsze niż −2,0 było podstawą 
rozpoznania małej masy kostnej. Wskazanie do przeprowadzenia diagnostyki stanowiły niepełnosprawność ruchowa (przede 
wszystkim), a także złamania kości długich i/lub kręgów u 22/35 dzieci. Wyniki: Małą masę kostną rozpoznano u 27/35 badanych, 
osteoporozę natomiast u 16/32 pacjentów. Stężenie witaminy D nieprzekraczające 30 ng/ml stwierdzono u 21/35 (60%) dzieci. Wnioski: 
Pomiary gęstości mineralnej kości u dzieci niepełnosprawnych ruchowo powinny być włączone do wielospecjalistycznej opieki 
medycznej. Stosowanie witaminy D w dawkach zależnych od jej stężenia w surowicy może mieć w tej grupie pacjentów charakter 
profilaktyczny – przed wystąpieniem złamania kości – lub leczniczy – w rozpoznanej osteoporozie.

Słowa kluczowe: osteoporoza, gęstość mineralna kości, mózgowe porażenie dziecięce, przepuklina oponowo-rdzeniowa
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INTRODUCTION

Chronic immobilisation is a consequence of com-
plex neuromuscular abnormalities during child-
hood and adolescence. In addition, it is also one 

of the risk factors for secondary mineralisation disor-
ders, including osteoporosis or low bone mass. It is often 
accompanied by malnutrition that increases the risk of 
skeletal complications(1–3). Children and adolescents with 
cerebral palsy (CP) and a significant decrease in motor 
activity secondary to neurodevelopmental disorders are 
physically disabled and at a particular risk of bone mass 
loss(3,4). In addition, chronic diseases during child’s devel-
opment that require long-term treatment, hospital stays 
and limitations of children’s own activity may affect the 
skeletal system and therefore it is recommended to per-
form bone densitometry in this group(1,5). A diagnosis of 
low bone mass density (BMD) may indicate an increased 
risk of clinically significant bone fractures and the need 
for use vitamin D and calcium supplements, and even 
bisphosphonates(6,7).

AIM OF THE STUDY

The aim of presented study was to assess bone mineralisa-
tion status and vitamin D levels in children and adolescents 
with motor disabilities in the course of CP and myelome-
ningocele (MMC).

MATERIALS AND METHODS

The study included the data from medical records 
of 35 children aged 3–18 years hospitalised at the 
Department of Paediatrics, Newborn Pathology and 
Bone Metabolic Diseases, Medical University of Lodz 
between 2005 and 2018. Retrospective analyses includ-
ed the first medical history and physical examination 
related to the time period in which osteoporosis/low 
bone mass was diagnosed. CP was diagnosed in 20 chil-
dren, and 15 children with lumbar MMC underwent 
neurosurgery with the implantation of a ventriculoperi-
toneal (VP) shunt due to accompanying hydrocephalus.  
The patients were referred from outpatient specialist 
care to the Department of the authors in order to assess 
the bone mineral metabolism.
The inclusion criteria for the evaluation included: a signif-
icant reduction in patient’s own activity in the course of 
the underlying disease, already performed densitometry 
and the patient’s history of no vitamin D intake during the  
3 months before hospitalisation. The data from children 
with total parenteral nutrition and endocrine disorders 
were not analysed.
All children with MMC and 8/20 children with CP used 
wheelchairs. Antiepileptic drugs were administered to 7/20 
patients with CP. In some children (11/35) with osteopo-
rosis diagnosed in the authors’ Department, therapy with 

bisphosphonates (sodium pamidronate) was initiated after 
receiving parents’ informed consent.
In each individual, anthropometric measurements 
of body weight and height were performed, in accor-
dance with generally accepted principles, and the re-
sults were evaluated on growth charts(8). Basic param-
eters of calcium-phosphate metabolism were assessed 
in all children, including serum of 25-hydroxyvitamin 
D [25(OH)D] levels by enzyme-linked immunosorbent 
assay (ELISA)(9). According to the guidelines devel-
oped for the Polish population, low vitamin D concen-
tration was considered at values below 30 ng/mL(9,10). 
Parathyroid hormone (PTH) concentration was mea-
sured by a chemiluminescent microparticle immuno-
assay (CMIA) method.
In each patient, DXA (dual-energy X-ray absorptiome-
try) bone density examination was performed in the to-
tal body less head (TBLH) and/or the lumbar spine in 
anterior-posterior (AP SPINE) projection measurement 
program with use of Lunar Prodigy Advance device (GE 
Healthcare). The duration of the DXA study was 4 min-
utes for TBLH and 30 seconds for the AP SPINE pro-
gram. The radiation doses were 0.37 μGy and 37 μGy, re-
spectively, and the measurement error was less than 1% 
for both programs (coefficient of variation, CV <1%).
The Infant option was used in 2/35 children under  
5 years of age. Low BMD was diagnosed when Z-scores 
were equal to or lower than –2.0, and in the case of ac-
companying long-bone and/or vertebral fractures, os-
teoporosis was diagnosed(1). In patients with weight or 
height deficiency (respective values below the 3rd per-
centile), bone densitometry results were corrected for the 
child’s biological age(1,5).
The study was approved by the Bioethics Committee of the 
Medical University of Lodz (RNN/144/03/KE 2003).

RESULTS

Tab. 1 presents data on prior bone and/or vertebral frac-
tures in both groups of children and an assessment of 
their somatic development. In 3 patients, there was no 
documented history of bone fractures. All children had 
a total of 43 long-bone and vertebral fractures. Bone 
fractures were reported more frequently in patients with 
MMC (10/13, 77%). 12 children with CP (60%) experi-
enced more than one bone and vertebral fractures (31 in 
total). Weight and height deficiencies were more com-
mon in patients with CP (9/20, 45%), and in 4/15 chil-
dren (33%) with MMC body length and weight deficien-
cy was scored below the 10th percentile.
The results of laboratory tests assessing calcium-phosphate 
metabolism, e.g. PTH, calcium (Ca), inorganic phosphorus 
(Pi) and magnesium (Mg) concentration in both groups are 
presented in Tab. 2. In all children, Ca and Mg concentra-
tions were within the reference range. Pi levels were elevat-
ed in 44% of CP patients and 60% of MMC patients.
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The 25(OH)D levels in both groups of children are pre-
sented in Tab. 3. The mean concentration of 25(OH)
D in both groups was 26.19 ng/mL [standard devia-
tion (SD) 13.55], which was below the optimal level(10). 
Overall, 21/35 (60%) of patients were found to have 
low serum 25(OH)D levels (suboptimal, deficient and 
severely deficient). However, in 4/35 (11%) 25(OH)D 
concentration was lower than 10 ng/mL. In 67% of chil-
dren with MMC, the 25(OH)D concentration did not 
exceed 30 ng/mL. The lowest concentration of the he-
patic vitamin D metabolite (3.4 ng/mL), indicating se-
vere deficiency, was found in a patient with CP and sig-
nificant malnutrition.
Tab. 4 shows densitometry findings (mean values and their 
statistics) in both studied groups. Lower mean Z-scores 
were obtained in the AP SPINE program and in children 
with CP.

DISCUSSION

The diagnosis of osteoporosis in children and adoles-
cents is based on the International Society for Clinical 
Densitometry (ISCD) criteria. They take into account the 
result of the densitometry, i.e. Z-score (with reference 
to sex- and age-matched group), equal to or lower than 

–2.0 and prior clinically significant fractures. According 
to the definition, these are at least: one spine fracture or 
two or more long-bone fractures until the age of 10 or 
three fractures until the age of 19(1,5).
In the study group of children and adolescents, second-
ary osteoporosis was diagnosed in 16/32 (50%) of patients 
with bone fractures in medical history. When making the 
diagnosis, the lower BMD value was also considered: 
TBLH or spine Z-score. In some patients, the examination 
was performed only in the AP SPINE option, because the 
measurement site was adjusted to the possibility of per-
forming and interpreting the result, depending on the de-
formities of the skeletal system and the patient’s clinical 
condition during examination.
The current literature emphasizes that bone densitome-
try is part of a comprehensive assessment of skeletal sys-
tem in children and adolescents with an increased risk 
of bone fractures(1,6,11,12). The increased risk of bone frac-
ture concerns mainly patients receiving long-term gluco-
corticosteroids and anticonvulsants(1,5). In the presented 
group, none of the children received glucocorticoste-
roids, while 7 children with CP were treated with anti-
convulsants. Important risk factors also include chronic 
inflammatory diseases, malnutrition and significant-
ly reduced motor activity, e.g. in CP and MMC(13–15).  
Early diagnosis of low bone mass in children with 

Clinical data Cerebral palsy
n = 20

Myelomeningocele
n = 15

Bone/vertebral fractures 12 (60%)* 10 (77%)**
Body weight

<10 percentile 9 (45%) 4 (27%)
10–90 percentile 11 (55%) 11 (73%)

>90 percentile – –
Body height

<10 percentile 8 (40%) 7 (47%)
10–90 percentile 12 (60%) 8 (53%)

>90 percentile – –
* Missing data in 1 patient.
** Missing data in 2 patients.

Tab. 1. �Body weight, height and number of bone/vertebral fractures 
in the study group

Cerebral palsy

PTH  
n = 20

Ca  
n = 18*

Pi  
n = 18*

Mg  
n = 18*

 1 (5%) 0 8 (44%) 0
N 17 (85%) 18 (100%) 9 (50%) 17 (94%)
 2 (10%) 0 1 (6%) 1 (6%)

Myelomeningocele

PTH  
n = 15

Ca  
n = 15

Pi  
n = 15

Mg  
n = 15

 1 (7%) 0 9 (60%) 0
N 14 (93%) 15 (100%) 6 (40%) 15 (100%)
 0 0 0 0

* Missing test result in the medical records for 2 children.

Tab. 2. �Results of laboratory tests of selected parameters of calcium-
phosphate metabolism

25(OH)D 
concentration  

[ng/mL]
Cerebral palsy

n = 20
Myelomeningocele

n = 15

<10 – severe deficiency 4 0
10–20 – deficiency 3 5

20–30 – suboptimal 
level 4 5

Total 11 (55%) 10 (67%)
>30 – norm 9 (45%) (33%)

Mean concentration 26.22 26.16
Minimum concentration 3.4 10.01
Maximum concentration 50.8 58

Tab. 3. �25(OH)D concentration in children with cerebral palsy and 
myelomeningocele

Densitometry Cerebral palsy Myelomeningocele
Spine Z-score 

x −3.56 −3.46
SD 1.9 1.5

Min. −7.7 −5.75
Max. 0.6 −1.03

TBLH Z-score 
x −2.05 −1.6
SD 1.7 1.2

Min. −5.4 −4.1
Max. 0.6 0.1

Tab. 4. �The result of densitometry in children with cerebral palsy and 
myelomeningocele
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these diseases reduces the risk of osteoporosis in adult-
hood(4,13–15). Therefore, densitometry was performed in 
patients with CP and MMC. As already mentioned, bone 
and/or vertebral fractures are necessary for the diagnosis 
of osteoporosis. In the analysed medical records, a total 
of 43 fractures in 32 patients were documented. Vertebral 
fractures occurred in 3 boys with CP, while femoral frac-
tures were most often in MMC patients.
Henderson et al. assessed 619 children with muscular dys-
trophy and CP and showed that the risk of bone fractures 
increases with BMD Z-score decline. Each decrease in the 
Z-score increased the risk of bone fractures from 6% to 
15%(2), which is difficult to demonstrate in the described 
patients, because this study does not present continuous 
observations.
Vitamin D level were also measured in the present-
ed group of children and adolescents, with low val-
ues found in 60%. Other authors made similar obser-
vations and therefore, similarly to our previous report, 
they recommend the assessment of vitamin D levels in 
these patients(6,16–18).
Possible explanations for vitamin D deficiency in the 
studied children and adolescents include: home-based 
“lifestyle” (the children did not walk independently, 
rarely left the house), coexisting gastrointestinal motil-
ity disorders, nutritional deficiencies and therapy with 
anticonvulsants(1,16,19). On the other hand, Toopchizadeh 
et al. found no significant differences in 25(OH)D lev-
els in children with different types of CP receiving anti-
epileptic drugs(17).
Low vitamin D levels in disabled children may also 
be consistent with the general trend of vitamin D de-
ficiency in the healthy population(20–22). Therefore, in 
this group, as in healthy children, vitamin D should be 
used in prophylactic doses, and in the case of a frac-
ture or documented deficiency, increased to therapeu-
tic doses(9,10).
In some of presented patients, hyperphosphatemia was 
observed, which may be diet-related (due to consump-
tion of heavily processed products). The results of other 
biochemical tests did not differ from the reference values, 
which indicates a certain balance in the calcium-phos-
phate metabolism.
According to the literature and our own observations, it 
can be concluded that the most important factor leading 
to low BMD is low or absent spontaneous motor activity 
due to the underlying disease (CP, history of MMC sur-
gery), which increases the risk of fractures(2,3,6,18,19,23). It is 
worth noting that in the studied population, low BMD 
was not always associated with bone fractures, and verte-
bral fractures occurred in only 3 patients. Children may 
have reported early enough to implement post-densitom-
etry preventive measures (calcium and vitamin D supple-
mentation) and thus prevent bone fractures.
Supplementation of calcium and vitamin D in prophy-
lactic doses under serum concentrations monitoring is 

recommended in disabled patients with an increased risk 
of osteoporosis. In the case of fractures, it is recommend-
ed to extend the diagnosis to include laboratory, radio-
logical and densitometric tests, and even treatment with 
bisphosphonates(4,6,7,12).
The diagnosis of secondary osteoporosis in children 
significantly affects their quality of life, therefore it is 
necessary to use calcium, vitamin D and bisphospho-
nate(5,24,25). These forms of therapy increase BMD, and 
hence reduce the risk of fractures. Beneficial effects of 
bisphosphonates have been reported in patients with 
CP, although these drugs are mainly used in disabled 
patients with previous bone fractures, treated with glu-
cocorticoids, and with congenital brittle bone disease 
(osteogenesis imperfecta)(7). Children with CP and os-
teoporosis can also be effectively and safely treated with 
zoledronic acid(26).

SUMMARY

Based on a retrospective analysis, it was found that skel-
etal mineralisation disorders and vitamin D deficiency 
constitute significant health problems in children with 
disabilities. BMD reduction and low 25(OH)D serum 
levels were reported in over 75% (27/35) and 60% of ex-
amined children, respectively. In children with MMC, 
biochemical abnormalities were more frequent as com-
pared to the CP group, more fractures were observed, 
osteoporosis was diagnosed more often, as well as treat-
ment was initiated in more children. However, as they 
are single-centre observations, a further studies with 
a larger sample sizes are warranted.

CONCLUSIONS

1.	 Measurements of bone mineral density in children with 
motor disabilities should be included in multidisci-
plinary medical care.

2.	 In this group of patients the vitamin D in doses depend-
ing on its serum concentration may be used either pro-
phylactically – before bone fracture – or curatively –  
after being diagnosed with osteoporosis.
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