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Abstract
Objective: To determine the age-specific incidence, prevalence, and characteristics of fractures in persons
with spina bifida.

Design: Year-long historical cross-sectional study.

Subjects: Two hundred twenty-one consecutive patients aged 2–58 years evaluated in 2003 at a regional
referral center. Twenty percent (n¼44) were children age 2–10 years; 30% (n¼68) were adolescents age 11–
18 years; and 50% (n¼109) were adults age 19– 58 years. Fifty-five percent (n¼121) were female; 64% (n¼
141) had shunted hydrocephalus. Fifty-eight percent (n¼ 129) were community ambulators. Defect levels
included 14% (n¼31) thoracic; 37% (n¼81) mid-lumbar; 35% (n¼79) low-lumbar; and 14% (n¼30) sacral.

Methods: Chart review of 221 consecutive children, adolescents, and adults enrolled in a spina bifida
program in Syracuse, New York, was used to determine incidence and prevalence rates. Chi-square was used
for subgroup analyses, and linear regression was used to examine independent association of motor level,
functional independence (Functional Independence Measures score), body mass index (BMI), shunted
hydrocephalus, epilepsy, and/or other congenital anomalies with fractures, controlling for insurance status,
race/ethnicity, age, and sex.

Results: Annual incidence of fractures among children, adolescents, and adults was 23/1000; 29/1000; and
18/1000, respectively. Overall prevalence was 200/1000. One in 4 patients with fractures reported multiple
fractures. Median age at first fracture was 11 years. Most fractures involved the femur or tibia. Comparisons
between adult- and childhood-onset fractures were not significant for difference in sex, BMI, defect level,
functional independence, shunted hydrocephalus, epilepsy, or other congenital anomalies. In regression
models only defect level RR¼1.646 (P¼0.019; 95% CI 1.085–2.498) and age RR¼1.033 (P¼0.036; 95% CI
1.002–1.065) were independently associated with fractures.

Conclusions: Fractures in persons with spina bifida are most common during early adolescence.
Environmental modifications may be more effective than pharmacological treatment in reducing the
prevalence of fractures in this population.
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INTRODUCTION

Fractures occur commonly in children with spina bifida,

with reported prevalence around 30%. Fractures usually

involve the metaphysis or diaphysis of insensate lower

extremities (1–3). Physeal fractures are described but are

less common (,4%) (4–6). Fractures associated with

immobilization after hip or spine surgery have also been

described (7,8). Risk factors that predispose children with

spina bifida to fractures include higher defect level

(thoracic . lumbar . sacral), decreased sensation,

osteopenia, and nonambulatory status (3,9,10). Little is

known about fracture risk in adults with spina bifida.

Dual-energy x-ray absorptiometry (DEXA) studies typi-

cally document osteopenia in individuals with spina

bifida (11). The clinical implications of this, however,

are unknown. There is also no clear consensus on

whether to treat adults with spina bifida who are at risk

for fractures with bisphosphonates, and, specifically,

whether they are at increased risk for esophagitis or
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other adverse effects of treatment because of body
habitus and/or Chiari-related oromotor dysfunction
(12). Information on fracture rates may help guide
clinicians who care for these patients.

Fractures are also common in individuals with spinal
cord injury. In a population-based study, the crude
fracture rate for patients with spinal cord injury was 2%
per year. Those with lumbar lesions had more fractures
than did those with cervical lesions (13). These data
support the notion that environmental factors related to
activity contribute to fracture rates in this population.
Physiologic factors have also been identified. DEXA
studies have documented that demineralization occurs
below the level of the spinal cord injury and more
commonly in weight-bearing skeletal areas such as the
distal femur and proximal tibia (14). These sites correlate
with common fracture locations for this population.
Female sex and menopausal status are also associated
with increased fracture risk (15). There are no published
data on fracture risk across the lifespan for children,
adolescents, and adults with spinal cord injury.

We hypothesized that fractures are a significant
pediatric concern in persons with spina bifida and that
predisposing risk factors in this population, as with spinal
cord injury, are best understood both in terms of
environmental interaction and as intrinsic to the patient.
Children with executive dysfunction and/or who lack
experience typically begin to participate in unsupervised
activities during late childhood/early adolescence and
may, therefore, be prone to fractures at this time. Adults
with spina bifida may be protected from fractures
because of better transfer technique, obesity, and/or
environmental factors that result in a sedentary lifestyle.
Thus our central hypothesis was that incidence and
prevalence figures across the lifespan would reflect higher
fracture rates among children than among adults.

The objectives of this study were threefold: (a) to
determine incidence and prevalence rates of fractures in
children, adolescents, and adults with spina bifida; (b) to
describe characteristics of fractures for each age group;
and (c) to determine whether distinct risk factors
occurred for each age group that could inform age-
specific prevention strategies.

METHODS
Study Design
We conducted a cross-sectional historical study by chart
review. The study protocol was approved by the Research
Subjects Review Board at SUNY Upstate Medical Univer-
sity.

Subjects and Setting
Subjects were 221 consecutive individual patients aged 2
to 58 years who were evaluated for routine comprehen-
sive care during the 2003 calendar year at the Spina
Bifida Center of Central New York. Our center is a state-
funded hospital-based clinic located in an urban setting

at SUNY Upstate Medical University in Syracuse, New
York. It serves a 24-county catchment area that includes
several small cities and an extensive rural population. The
center has offered comprehensive care to patients with
spina bifida for more than 30 years. It is staffed by a
neurodevelopmental pediatrician, 2 nurse specialists, a
physical therapist, an occupational therapist, and a social
worker. In addition, the center provides on-site consul-
tation with 2 urologists, a physiatrist, and an orthopedic
surgeon.

Measures
We used patient reports of fractures at annual compre-
hensive visit and chart documentation of previous
fractures for primary outcome data. Demographic data
were extracted from billing sheets. Information regarding
past medical and surgical history was extracted from the
patient problem list and correspondence sections of the
patient charts. Archived charts were also reviewed.
Functional Independence Measures (FIM) were obtained
routinely on all adult patients by an occupational
therapist with formal training in this standardized
instrument (16). Body mass index (BMI) was calculated
using crown-to-heel measurements for ambulators and
arm span measurements for nonambulators. Arm span
measurements were multiplied by 0.90 for those with
thoracic functional motor level and by 0.95 for those with
a mid-lumbar functional motor level (17,18).

Analyses
We used SPSS statistical software (version 11 for
Windows) for all analyses. Descriptive statistics were used
to determine incidence and prevalence rates for sponta-
neous fractures in 3 age groups. Chi-square statistics
were used to examine differences in proportions among
subgroups. Multiple linear regression models were
developed to examine the independent association of
two broad categories of risk with the outcome of interest:
(a) Spina bifida–specific risk factors included defect level,
ambulatory status, functional independence (FIM cogni-
tive subscore), shunted hydrocephalus, seizure disorder,
prolonged immobilization, presence of other congenital
anomalies, and precocious puberty; and (b) General risk
factors included age, sex, race/ethnicity, and BMI.

RESULTS
Sample characteristics: 221 patients aged 2 to 58 years
were evaluated. Age range followed a normal distribution
pattern. Median age was 19 years. Twenty percent (n ¼
44) were children aged 2–10 years; 30% (n ¼ 68) were
adolescents aged 11–18 years; and 50% (n ¼ 109) were
adults aged 19–58 years. Fifty-five percent were female.
Race was predominantly Caucasian (93%). Only 2
patients reported Hispanic ethnicity. Forty-four percent
of patients were publicly insured. Functional motor levels
in our patient population included: thoracic/high lumbar
(T/L2–3) 31; mid-lumbar (L3) 80; low-lumbar (L4–5) 79;
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sacral 30. Fifty-nine percent (n ¼ 130) were community
ambulators. Median cognitive subscore on the Functional
Independence Measure was 27 on a 35-point scale. Sixty-
four percent (n ¼ 141) had shunted hydrocephalus.
Twenty percent (n ¼ 44) had a documented history of
prolonged immobilization with spica casting and/or for
scoliosis surgery. Ten percent (n ¼ 22) were on
anticonvulsants for epilepsy, with 7 of these having had
documented seizures during the study year. Eight
percent (n ¼ 17) had other congenital anomalies. This
included a heterogeneous group of diagnoses such as
renal dysplasia, cleft palate, omphalocele, sensorineural
hearing loss, VATER association, velocardiofacial syn-
drome, Klinefelter syndrome, Mohr syndrome, and
Turner syndrome. Precocious puberty was documented
in 2 female patients (1%). Prevalence of BMI less than
third percentile (underweight) was 10% for children, 14%
for adolescents, and 7% for adults. Prevalence of BMI for
age at or greater than 85th percentile (overweight/
obese) was 29% among children, 22% among adoles-
cents, and 42% among adults.

Prevalence and Incidence
Forty-two fractures were documented for 221 patients
over 4,844 patient years. Prevalence of fractures among
all patients was 200/1000. The crude fracture rate was 9/
1000 per patient year. Five fractures were reported
during the study year. Thus, the annual incidence of
fractures per clinic year among children, adolescents, and
adults in this study was 23/1000, 29/1000, and 18/1000,
respectively.

Characteristics
Most fractures involved the tibia and femur. Three
fractures in our sample were physeal fractures. There
were no vertebral or hip fractures. Review of problem list,
operative notes, and archived medical reports revealed
that 3 tibia fractures and 1 femur fracture occurred as
perioperative complications of lower extremity surgeries.
There was no documentation of perioperative fractures
subsequent to hip or spine surgery. Two femur fractures
occurred in the neonatal period due to birth injury and/or
as an iatrogenic complication of myelomeningocele
repair. Thus nearly one third (12/42) of fractures in this
chart review study were postoperative neuropathic
fractures.

Table 1 summarizes fracture sites for the 42 patients
with fractures in this study. Fractures were more common
in children than adults. Median age at first fracture was
11 years. Among children and adolescents, the mecha-
nism of injury often could not clearly be established. Of
note, none of the pediatric fractures that occurred during
this year-long study were witnessed by an adult. A first
fracture was documented in adulthood for 7 patients.
Fractures among adults were typically attributed to
accidental falls (commonly in the bathroom) or during
exercise. Nearly 1 in 4 patients (9 men and 2 women)
experienced multiple fractures. All individuals in this
subgroup were nonambulatory and with higher defect
levels (thoracic 2; mid-lumbar 7; low-lumbar 2). Table 2
lists the site and mechanism of injury for fractures that
occurred among children, adolescents, and adults during
the study year.

Comparisons between subgroups with and without
fractures are listed on Table 3. Chi-square analyses
documented a significant difference in proportions
among defect level between these 2 groups (P ¼
0.008). Chi-square tests comparing patients with adult-
onset vs childhood-onset fractures were not significant
for sex, BMI, functional motor level, cognitive subscore
on the FIM, presence of shunt, seizure disorder, or other
congenital anomalies. Chi-square tests comparing frac-
ture rates among subgroups of adults who were
underweight and overweight also were not significant.

In regression models, only defect level RR¼ 1.646 (P
¼ 0.019; 95% CI 1.085–2.498) and age RR ¼ 1.033 (P ¼
0.036; 95% CI 1.002–1.065) were independently associ-
ated with fractures. Twenty-six percent (8/31) of patients
with a thoracic defect level had experienced a fracture.
This compared with 25% (20/81) for patients with a mid-
lumbar motor level and 19% (15/79) among patients
with low-lumbar functional motor levels. None of the
patients with sacral defect levels had experienced a
fracture. Regression models did not identify an indepen-
dent association between BMI and fracture rates.

DISCUSSION
Our study documents that fractures are more common in
adolescents than adults with spina bifida. Fracture sites

Table 1. Fracture Sites

Site No. of Fractures

Lower extremities
Femur 13

Distal femur (4)
Femoral neck (1)
Site not documented (8)

Tibia 12
Distal physis (3)
Tibial plateau (2)
Distal diaphysis (1)
Site not documented (6)

Tarsal/metatarsal 5
Calcaneous 1

Upper extremities
Radius 10

Distal radius (7)
Site not documented (3)

Other
Clavicle 1

Total 42
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and fracture characteristics appear to be similar. The only

risk factors for fractures that we were able to identify were

younger age and higher defect level. We had insufficient

data to comment on specific environmental risk factors,

particularly among children, many of whom had

fractures that were not witnessed and for which the

mechanism thus was not established.

Although shunted hydrocephalus and cognitive sub-

scores on the FIM were not associated with fractures, the

median age at first fracture (11 y) suggests that

inexperience and/or poor judgment during physical

activity may contribute to increased fracture risk for

young adolescents as they gain independence and

receive less supervision. Physiological factors such as

changes in bone density during early adolescence may

also play a role (19). Interestingly, our study found no

association between BMI and fracture risk. We had

hypothesized that higher BMI would be a protective

factor. The high rates of obesity among adults and a

relatively small sample size may have limited our ability to

define an association.

Our study highlights similarities and differences in

fracture rates and characteristics between individuals

with paraplegia due to spinal cord injury vs paraplegia

due to spina bifida. Higher defect level and adolescent

age were risk factors identified in our study. For

individuals with spinal cord injury, low bone mineral

Table 2. Fractures That Occurred During the Study Year

Children 1. Distal tibia fracture (mechanism unknown) in 6-year-old nonambulatory boy with L2
functional motor level.

Adolescents 2. Physeal fracture of distal tibia in 12-year-old ambulatory boy with L4-L5 functional motor
level. Injury believed to have occurred on school bus.

3. Tibia/fibula fracture in nonambulatory, institutionalized 18-year-old man with thoracic
functional motor level. Mechanism unknown.

Adults 4. Tibial plateau fracture in 42-year-old woman with L2-L3 functional motor level during
physical therapy session with exercise machine.

5. Tibia/fibula fracture in 39-year-old woman with L3 functional motor level. Patient fell in
bathroom.

Table 3. Characteristics Found in Fracture vs No Fractures Groups*

Characteristic Fractures (n ¼ 43) No Fractures (n ¼ 178) P-value�

Age 0.415
Child (2–10 y) 16.3% (7/43) 20.8% (37/178)
Adolescent (11–18 y) 32.6% (14/43) 30.3% (54/178)
Adult (19–58 y) 51.2% (22/43) 48.9% (87/178)

Sex (female) 46.5% (20/43) 57.3% (102/178) 0.233
Insurance 0.390

Public 48.8% (21/43) 57.3% (102/178)
Private 51.2% (22/43) 40.4 (72/178)
None 0% (0/43) 2.2% (4/178)

Clinical status
Ambulatory 46.5% (20/43) 61.8% (110/178) 0.084
Shunted hydrocephalus 69.8% (30/43) 63.4% (113/178) 0.479
Defect level 0.008

Thoracic 18.6% (8/43) 13% (23/178)
Mid-lumbar 46.5% (20/43) 34.5% (61/178)
Low-lumbar 34.9% (15/43) 36.2% (64/178)
Sacral level 0% (0/43) 16.4% (30/178)

Other congenital anomalies 18.6% (8/43) 12.4% (22/178) 0.321
BMI , 3rd percentile 11.6% (5/43) 10.1% (18/178) 0.782
BMI . 85th percentile 44.2% (19/43) 38.8% (69/178) 0.603

*BMI, body mass index.
�Fisher exact test
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density, age, sex, duration after injury, muscle spasticity,
and complete injury are identified risk factors (15).

Fracture sites are similar for both patient groups.
Among individuals with spinal cord injury this has been
correlated with regional bone loss in the long bones as
measured by DEXA. Interestingly, vertebral bone mineral
density is maintained or increased over time in this
population (20). Our study did not examine bone
mineral density. However, we documented a protective
effect on vertebral fractures and a fracture distribution
pattern among our patients with spina bifida that is
strikingly similar to the spinal cord injury population.

Limitations
This study was conducted using a convenience sample.
Chart review may not have captured all instances of
fractures. We did not have the statistical power to
eliminate effects of anticonvulsant use or other congen-
ital anomalies on fracture rates. We also did not collect
data, or examine fracture rates, in a subgroup of patients
who were theoretically at risk for fractures because of
metabolic acidosis related to ileal conduits or augmen-
tation cystoplasty (21). Finally, we had very limited data
on bone mineral density. Thus we cannot comment on
the relationship between osteopenia and fractures in this
study.

CONCLUSIONS
Environmental modifications during late childhood/early
adolescence may decrease the occurrence of fractures in
individuals who have spina bifida. A longitudinal cohort
study with serial bone mineral density measurements
would be necessary to further delineate factors associated
with the development of osteoporosis and fractures in
this population. A controlled trial of environmental
modification for primary prevention of spontaneous
fractures in children with spina bifida, such as group
visits for safe transfer instruction, is also worth consider-
ation.
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