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The aim of the present study was to document bone mineral density (BMD) in
children with myelomeningocele and to identify variables that contribute to
reduced BMD. The study included 24 children with myelomeningocele (nine
males, 15 females; age range 4-18y), who had varied levels of neurological
impairment (thoracic/high-lumbar, n=6; mid-lumbar, n=9; sacral, n=9) and
ambulatory status (non-ambulators, n=12; part-time ambulators n=2; full-time
ambulators, n=10). BMD measurements of the femoral neck and whole body
using dual energy X-ray absorptiometry assessments of dietary calcium intake,
and serum markers of bone metabolism were obtained. BMD is presented as
standardized scores (z-scores) which are age- and sex-matched to normally
developing children. The mean femoral-neck z-score was —2.41. Femoral-neck
z-scores differed significantly according to ambulatory status, with lower
z-scores in children who were wheelchair-dependent (p=0.03). The mean z-score
at the femoral neck demonstrated a trend toward lower z-scores in children
with higher levels of lesions. Almost all children met their recommended daily
intake of calcium. Markers of bone metabolism were normal in all patients. This
study demonstrates that reduced BMD is a major complication in children with
myelomeningocele. There is a significant relationship with low BMD in children
who are wheelchair-dependent, a trend in those with higher neurological levels,
and no relationship between fractures and reduced BMD.

Spina bifida is the second most common disability in child-
hood after cerebral palsy.' It represents a variety of con-
genital neural-tube defects, including myelomeningocele.
Children with spina bifida have variable degrees of sensory
and motor loss, typically in the lower extremities, and
ambulation is impaired in many children as a result of these
losses. The level of neurological injury assists in predicting
the child’s ability to ambulate within the home and com-
munity.” Children with spina bifida have a higher inci-
dence of fractures than normally developing children. The
incidence of fractures in this population has been reported
to range from 11.5 to 30%.>~® This high rate is thought to
be secondary to osteoporosis, related to immobility and
muscle weakness, and infrequently related to significant
trauma.’ Documentation of osteoporosis in this population
is limited.

The primary aim of the present study was to determine
the prevalence of osteoporosis in children with myelome-
ningocele. A secondary aim was to identify other variables
that may contribute to the presence of osteoporosis, such
as nutritional status, neurological level, and ambulatory
status. We hypothesized that children who were wheel-
chair-dependent would have lower bone mineral density

(BMD) than children who were ambulatory.

METHOD

Participants

A cross-sectional observational study was performed with
24 children and adolescents from the Spinal Defects clinic
at the Children’s Hospital, Aurora, Colorado, USA. All
children had the diagnosis of myelomeningocele. Children
and adolescents aged 4 to 21 years were eligible to
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participate in the study regardless of their neurological
level or ambulatory status, but were excluded if they had
treatment with bisphosphonate medication, a history of a
spine fusion or other procedure resulting in the presence
of orthopedic hardware, or a recent history (<3mo) of
casting of one or more extremity. Children were also
excluded if they had a hip flexion contracture greater than
30° in both lower extremities or a recent proximal femur
fracture, as this prevented an accurate measurement at the
femoral neck.

A total of 24 children (nine males, 15 females) were
enrolled in this study. The mean age was 9 years 8
months (range 4y 5m-18y). Neurological levels of the
children were classified into three groups, with six chil-
dren having a thoracic or high-lumbar level, nine children
having a mid-lumbar level (knee extension but no move-
ment at the foot or ankle), and nine children having a
sacral level. Twelve children were non-ambulatory,
requiring a wheelchair full-time, two children were part-
time ambulators, and 10 children were full-time ambula-
tors. Ten children had histories of at least one fracture: all
fractures were in the lower extremities and occurred with
minimal trauma, three children had multiple fractures,
and in one child the fracture occurred after the lower
extremity was casted.

Informed consent was obtained from all parents, and
children over 7 years old signed an assent form. This study
was approved by the Colorado Multiple Institutional
Review Board.

Bone density measurements

BMD of the femoral neck and whole body was measured
using dual energy X-ray absorptiometry (DEXA; Lunar
Corporation, Model DP3, Madison, WI, USA). The lum-
bar spine was not evaluated because of known vertebral
arch abnormalides in children with spina bifida. To adjust
for the normal increases seen with aging, BMD is pre-
sented as standardized scores (z-scores), which are age- and
sex-matched to normally developing children. Normative
data were provided by the Lunar Corporation software
package. In this study, an SD of 2.5 or more below the
mean for age- and sex-matched normally developing chil-
dren represented osteoporosis, and an SD of between 1
and 2.5 below the mean for age- and sex-matched normally
developing children represented osteopenia.

Calcium intake
Calcium Rockett

Youth/Adolescent food frequency questionnaire, which

intake was assessed using the
reviews the diet over the past year. Daily calcium needs
were based on the recommended daily allowances of the

US Food and Nutrition Board.”
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Serum analyses

Peripheral venous blood samples were obtained to assess
levels of calcium, phosphorus, alkaline phosphatase, and
urine calcium and creatinine. They were analyzed by the
Children’s Hospital Laboratory, Denver, CO, USA.

Statistical analyses

The BMD z-scores were used to classify the existence of
osteoporosis and osteopenia in children with spina bifida.
Exact 95% confidence intervals [CI] were calculated for
the prevalence of osteoporosis and osteopenia based on the
binomial distribution. Two-sided one-sample #-tests were
used to test whether the age- and sex-matched BMDs were
significantly different from zero. Comparisons of whole-
body and femoral-neck z-scores for children with and
without a history of fractures were evaluated using a two-
sided two-sample 7-test. Differences in BMD by neurologi-
cal impairment and ambulatory status were evaluated using
a one-way analysis of variance (ANOVA) to compare the
groups. The small sample did not allow a two-way ANOVA
comparing neurological impairment and ambulatory status
simultaneously. Multiple linear regression analysis was
used to evaluate the association of fracture history and age
with the femoral-neck z-score. Distribution of residuals
appeared to follow a normal distribution, indicating that
the assumptions of the multiple linear regression were not
violated. Pearson’s correlation coefficients were calculated
to measure the association between BMD and laboratory
assessments. The 95% confidence limits of the correlation
coefficients were constructed using Fisher’s z transforma-
tion. Missing data were not imputed. Data were analyzed
using SAS (version 9.1).

RESULTS

Bone mineral density

Whole-body DEXA was obtained from 23 of the 24 chil-
dren, with a mean z-score of 0.15, indicating no difference
between the study group and age- and sex-matched com-
parison groups (Table I). No child had values in the osteo-
porosis range, and only two had evidence of osteopenia. A
DEXA at the femoral neck was obtained from 21 of the 24
children. Scans of the first two children were not obtained
because the radiology staff were not used to obtaining this
scan on a regular clinical basis, and were unobtainable for a
third child because of difficulty positioning on the table.
The mean femoral-neck z-score for the remaining 21 chil-
dren was —2.41, indicating a statistically significant
decrease in BMD. Significant osteoporosis was diagnosed
in nine of the 21 children (42.9%; exact 95% confidence
limits 21.8%, 65.0%), and osteopenia was diagnosed in
seven children (33.3%; exact 95% confidence limits
14.6%, 57.0%).



The mean femoral-neck z-score for children with a his-
tory of fractures was —2.66. Children without a history of
fractures had a mean z-score of —1.89. The univariate rela-
tionship between a history of fractures and the femoral-
neck z-score was not significant (p=0.39). However, multiple
regression analysis of the femoral-neck z-score by fracture
history controlling for age showed a significant interaction
of age and fracture history (Fy,5=7.46; p=0.01; Fig. 1).
When stratifying the analysis by fracture history, there is a
strong negative correlation between age and femoral-neck
z-score for those with a history of a fracture (=—0.82; 95%
confidence limits —0.96, —0.30; p=0.004), indicating that
increasing age is associated with lower z-scores. There
does not appear to be a relatonship between age and
femoral-neck z-score for children without a history of
fractures (#=0.02; 95% confidence limits —0.59, 0.61;
=0.96).

Neurological impairment and ambulatory status

Whole-body z-scores did not differ significantly among
the neurological impairment groups (I0=0.30; p=0.75).
"The mean z-score at the femoral neck demonstrated a clear
trend toward lower z-scores in the children with higher

levels of lesions, but the difference was not statistically sig-
nificant among the three groups (F5,15=1.80; p=0.19).

Comparison of whole-body z-scores by ambulatory sta-
tus demonstrated no significant difference among children
who were wheelchair-dependent, partial ambulators, or
fully ambulatory (F,50=0.56; p=0.58). There was a statis-
tically significant difference in femoral-neck z-scores
among the ambulatory status groups, with lower z-scores
in children who were wheelchair dependent (F515=4.14;
=0.03).

Dietary calcium intake
According to a food frequency questionnaire, 18 of 19 chil-
dren who completed the survey met the recommended
daily intake of calcium based on their age requirements.
None of the children took supplemental calcium or vita-
min D on a daily basis.

Biochemical markers of bone metabolism

Serum levels of calcium, phosphorus, and alkaline phos-
phatase were normal in all children. The ratio of urine cal-
cium to creatinine was normal in all 18 children from
whom urine was obtained.

Table I: Whole-body and femoral-neck z-scores by fracture history, neurological injury level, and ambulatory status

n Mean z-score SD 95% CL Min Max t p
Whole body 23 0.15 0.89 (—0.23, 0.54) -1.30 1.70 0.81 0.42

Fractures

No history 12 —-0.08 0.85 (-0.62, 0.46) -1.10 1.30 -0.34 0.74

History 9 0.33 0.92 (-0.37, 1.03) -1.30 1.70 1.08 0.31
Neurological impairment level

Thoracic/high lumbar 5 -0.04 1.02 (—0.95, 0.88) -1.30 0.60 -0.11 0.92

Mid lumbar 9 0.33 1.02 (-0.46, 1.11) -1.10 1.70 0.96 0.37

Sacral 9 0.08 0.89 (-0.60, 0.76) -1.00 1.40 0.26 0.80
Ambulatory status

Wheelchair-dependent 1 0.32 0.93 (—0.30, 0.95) -1.30 1.70 1.15 0.28

Partial ambulators 2 -0.35 1.06 (—9.88,9.18) -1.10 0.40 -0.47 0.72

Fully ambulatory 10 0.06 0.86 (-0.55, 0.67) -1.00 1.40 0.22 0.83

Femoral neck 21 -2.41 2.05 (-3.34, -1.47) —6.61 0.71 -5.37 <0.001

Fractures

No history 11 -1.89 1.43 (-2.85,-0.92) -4.11 0.35 —4.36 0.001

History 9 —2.66 2.47 (—4.56, —0.77) —6.61 0.71 -3.24 0.01
Neurological impairment level

Thoracic/high lumbar 4 —-3.54 2.41 (-7.37,0.30) —-6.61 —-0.98 -2.93 0.06

Mid lumbar 8 —-2.86 2.09 (-4.60, -1.11) -5.79 0.05 -3.87 0.01

Sacral 9 -1.50 1.67 (-2.79, -0.22) -4.11 0.71 -2.70 0.03
Ambulatory status

Wheelchair-dependent 9 -3.60 2.27 (-5.35, —1.85) —6.61 0.05 —4.75 0.001

Partial ambulators 2 -2.82 1.05 (—12.28, 6.65) -3.56 -2.07 -3.78 0.16

Fully ambulatory 10 -1.25 1.30 (-2.17, -0.32) -3.08 0.71 -3.03 0.01

CL, confidence limits.
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Figure 1: Multiple regression analysis of femoral-neck z-scores by
fracture history controlling for age, showing a significant interaction
of age and fracture history. Solid data points indicate "no history of

fracture' and open squares indicate “history of fracture'.

Correlations of the femoral-neck z-score with the labo-
ratory assessments demonstrated that alkaline phosphatase
had a positive correlation with improved BMD (=0.41;
95% confidence limits —0.03, 0.71; p=0.06). No reladon-
ship was seen with the other assessments, including cal-
cium or phosphorus.

DISCUSSION

Our findings support a high prevalence of reduced BMD
at the femoral neck in children with spina bifida, regardless
of their neurological level or ambulatory status. This study
supports the work of Rosenstein and Quan, who both
reported reduced BMD in children with spina bifida.*” In
children with myelomeningocele, Rosenstein and col-
leagues found that the neurological level of the spinal cord
injury and the child’s ambulatory status best predicted their
BMD in their upper and lower extremities as measured by
1251 photon absorptiometry.® Quan and colleagues mea-
sured BMD at the distal radius in children with spina bi-
fida,” using similar outdated technology to Rosenstein.
BMD at the distal radius was approximately 1 to 2 SDs
below the mean of a normal population. Ambulatory status
did not affect BMD in their study. Valtonen et al. studied
the presence of osteoporosis in adults with spina bifida:'?
one-third of participants had osteoporosis in at least one of
the measured sites, which included the proximal femur and
distal radius. This is the only known published study
addressing bone health in adults with spina bifida.

Mingin et al. investigated the bone growth and meta-
bolic consequences of bladder augmentation on children
with myelomeningocele.!" The authors found no differ-
ence in BMD of the forearm between those who were
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augmented and those who were not. Koch et al. similarly
investigated metabolic changes with urinary diversion pro-
cedures.!” Their results did demonstrate reduced BMD in
those with ileal conduits, but there was no difference
between patients with conduits and the comparison
children.

A strength of the present study was the comparison of
the study group with age- and sex-matched peers, the stan-
dard method when using DEXA, as BMD accrues as chil-
dren get older and peaks early in the second decade. This
was something not done in the study by Rosenstein et al.?
In comparison to our study, Quan et al.” reported DEXA
results of the distal radius, a site that is less frequently frac-
tured in children with spina bifida. The selection in the
present study of the femoral neck to measure BMD was
based on the higher incidence of fractures of the femur.
However, six children had to be excluded from our study
because of significant hip flexion contractures. Measure-
ment of the lateral distal femur has been described by Hen-
derson et al. and can be used whenever prominent hip
flexion contractures exist."> In the future, use of this tech-
nique is likely to replace the measurement at the femoral
neck in children with disabilities.

As expected, our study documented that ambulatory sta-
tus affected BMD at the proximal hip. Children who were
full-time ambulators had significantly better BMD at the
femoral neck than children who were dependent on wheel-
chairs for mobility or who ambulated only part-time.
These findings are likely to be a result of the benefits of
active weight-bearing on BMD. Weight-bearing during
ambulation should not be confused with passive weight-
bearing in a device such as a standing frame. There is a
dearth of evidence that passive weight-bearing in children
with spina bifida improves BMD.

The strong trend toward improved BMD in children
with lower neurological levels was expected. A small sam-
ple size did not provide the necessary power to detect a
statistical significance between groups. The presence of
low BMD in children with sacral-level myelomeningocele
with minimal gait impairments was unexpected, as all but
one of the children in the sacral-level group was fully
ambulatory. The explanation for this finding may be
related to the presence of generalized weakness around
the hip due to poor innervation of the sacral-level gluteal
muscles. Larson and Henderson reported development of
early osteoporosis in young males with Duchenne muscu-
lar dystrophy and proximal muscle weakness while they
were ambulatory with minimal gait abnormalities.'* Inclu-
sion of children who were ambulatory and had lower neuro-
logical levels allows a greater understanding of all children
with spina bifida rather than just those who are wheel-
chair-dependent.



Although fractures were present in 45% of our children,
no relationship between a history of fractures and low BMD
was seen. This may be due to the mean age of the children
(9y 8mo). If an older population had been studied, the rela-
tionship might have existed, as the results suggest that older
children with a history of fractures have lower femoral-neck
z-scores than older children without a history of fractures.
The lack of an association is an important clinical point, in
that treatment of the low BMD may not improve the inci-
dence of fractures for younger children with spina bifida.

The present study contributes to the growing body of
evidence that osteoporosis exists in children with disabili-
tes. Future research needs to establish a clearer relation-
ship between low BMD and risk of fractures, as this study
could not confirm these findings. Children with spina bifida
who sustain a fracture may lose time from school and can
develop pressure sores related to placement of a poorly
padded cast, and wheelchair positioning may be difficult
because of the cast or splint.

Despite evidence of osteoporosis in children with spina
bifida, this center and many centers like ours have not
adopted a universal treatment regimen to prevent or treat
osteoporosis. There is no current evidence that supple-
mental calcium or vitamin D alone will improve BMD in
children with spina bifida. Use of bisphosphonate medica-
tions such as oral alendronate and intravenous pamidro-
nate have demonstrated improvements in BMD in
children with a variety of disabilities but are not currently
standard care or approved by the US Food and Drug
Administration (FDA) to be used in children.”™"® The
FDA has approved teriparatide, a portion of human para-
thyroid hormone, for the treatment of osteoporosis in
postmenopausal women who are at high risk of a fracture,
but again this is not approved for use in children.

CONCLUSION

The present study demonstrates that osteoporosis and os-
teopenia are a major complication in children with spina
bifida. It establishes the significant relationship with low
BMD in children who are wheelchair-dependent compared
with ambulatory children. There was a strong trend toward
lower BMD in children who have higher neurological
levels. Children with a history of fractures did not appear
to have reduced BMD.
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