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Abstract

Background Patients with spina bifida potentially expe-
rience social isolation with limited employment
opportunities and restriction of independent living, neuro-
logic and intellectual impairment, and orthopaedic and
urologic consequences of their condition. However, the
degree of disability as these individuals age into adulthood
has not been completely delineated.

Questions/purpose In adults with spina bifida we deter-
mined the cause of death for those who had died, 1Q, level
of education, work history, independent living status,
physical disabilities, and urologic status; we then identified
surgical procedures that led to better adult function.
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Methods We retrospectively reviewed 84 individuals
with myelomeningocele, examining social, cognitive, and
physical disabilities. The minimum age at followup was
20 years (mean, 31 years; range, 20—64 years).

Results Forty-two percent had normal 1Qs. Seventy per-
cent never needed a neurosurgical shunt and those without
shunts had higher 1Qs. Forty-four percent had regular
education and 8% achieved college degrees. Fifty-six
percent were unemployed. Thirty percent lived indepen-
dently. Twenty-three percent were either married or
divorced with nine normal offspring. Eighty-five percent
dressed themselves, 65% shopped independently, 54%
drove. Thirty-one percent were at the thoracic neurologic
level (all used wheelchairs), 12% were at L1-L.3 (all used a
wheelchair except one), 33% were at L4-L5 (78% used a
wheelchair at least part-time), and 24% were at S1 and
below (all walked). Fifty-four percent experienced decubiti
and as a consequence, four required major extremity
amputations. Spinal fusions protected sitting balance, but
hip surgery did not produce congruent hips and occasion-
ally resulted in debilitating stiffness. Pressure sores
resulted in partial foot amputations despite plantigrade feet.
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Conclusions Our observations confirm the consequences
associated with the physical and cognitive disabilities of
patients with spina bifida. Many of these consequences can
likely be mitigated by modern multidisciplinary care and
special education to increase independence.

Level of Evidence Level IV, observational study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Individuals born with spina bifida (myelomeningocele)
face serious physical and social consequences, including
paralysis, insensate skin, and potential social ostracism
associated with loss of bowel and bladder control. Over
time, muscle paralysis can produce contractures, joint
dislocations, and spinal deformity. Loss of protective skin
sensation may result in pressure sores. Urinary inconti-
nence with attendant frequent bladder infections can
produce eventual renal failure.

Medical and surgical interventions (including early
closure of the neural tube defect, neurosurgical treatment
of associated hydrocephalus, prevention of contractures
and joint dislocations, and clean intermittent catheteriza-
tion [5]) decrease the likelihood of mortality and the
severity of related physical deformities. Nevertheless,
patients with spina bifida have medical and social problems
throughout their lives. Varying degrees of cognitive
impairment often accompany the spina bifida. Numerous
studies [2, 6, 8, 14, 15, 18, 21, 22] have examined the
short-term effectiveness of surgical treatment and several
have investigated the physical, neurologic, and social
issues associated with spina bifida. Orthopaedic deformi-
ties, bowel and bladder incontinence, and reduced
cognitive functioning [10] result in a lower self-concept
[19] compared with healthy children. The need for cathe-
terization and the presence of physical abnormalities may
create insecurities in affected teenagers and young adults
that prevent them from developing intimate relationships
[14, 22]. Although the literature has documented the
physical and cognitive disabilities of patients with spina
bifida, we are not confident that substantial improvements
in the multidisciplinary care of individuals with spina
bifida have occurred. Unfortunately the outcomes of indi-
viduals with spina bifida who have received more modern
treatments may not be better than those in the past. A report
of patients with spina bifida treated on average 16 years
after our individuals demonstrated essentially equivalent
outcomes [16].

In adults with spina bifida we determined the cause of
death for those who had died, IQ, education and work
histories, independent living status, physical disabilities,

and urologic status were study variables. We also identified
surgical procedures that subsequently led to better adult
function.

Patients and Methods

Between 1941 and 1964, 221 patients with spina bifida
were seen at Texas Scottish Rite Hospital (TSRH). From
1985 to 1987, we attempted to examine all prior patients
but could locate only 149 of them with 72 lost to followup.
Forty-five of the 149 had died, 12 refused to participate in
the study, and eight lived in state schools; permission was
denied for their participation. The remaining 84 former
patients whose average age was 31 years (range, 20-58
years) constitute this study.

We evaluated the current social situation of our cohort
using parameters of IQ, education and employment, living
arrangements and marriage, and other markers of inde-
pendence. We ascertained intellectual function with IQ
testing and information about physical problems such as
limited ambulation, hydrocephalus, joint contractures,
spine deformities, pressure sores, and urinary incontinence
with a physical examination and activities of daily living
test. This work was performed in the 1980s with the verbal
permission of the research participants and the institution.
At that time, there was no Institutional Review Board to
consider the proposal.

Data collection included physical assessment and a
questionnaire; 59 were able to return to TSRH to complete
both aspects of the study and 25 completed only the
questionnaire. The physical assessment included an
examination administered by one of the authors (JWR); an
evaluation of the ability to perform activities of daily living
administered by a TSRH occupational therapist (AS);
pertinent radiographs; photographs; and laboratory mea-
surements of blood urea nitrogen (BUN) and creatinine.

One of the authors (BFS) read aloud a written
questionnaire to patients and recorded their answers. We
used medical charts and the questionnaire to collect
data including histories of patients’ neurosurgical proce-
dures; orthopaedic procedures; highest level of education
achieved; current employment status as well as whether
this employment provided sufficient income to be inde-
pendent; ambulatory status; and method of urinary control.

Although the questionnaire included questions relating
to bowel and bladder control, in determining function, we
only used data from subjects who completed both the
questionnaire and physical assessment. This was done
because the term “control” proved ambiguous (eg, some
patients who wore diapers considered themselves to have
bowel and bladder control) and we wanted to determine
with the examination the type of control and whether the
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patient was judged by us (JWR, BFS) to have socially
acceptable control of bowel and bladder.

Wechsler Adult Intelligence Scale-Revised (WAIS-R)
1Q tests [24] were administered by a TSRH psychologist
(AM) who recommended that for the psychometric test
administered to this group, an 1Q of 90 would be consid-
ered average intelligence (normal WAIS-R IQ is 90 to
110). We acknowledge this mark may be lower than
standards used in other situations.

Results

Forty-five individuals died before the review. The age
range and cause of death are described (Table 1).

The majority of individuals in our group (58%) had an
IQ less than 90; the remaining 42% scored more than 90
(Table 2). Twenty-five subjects (30%) had a ventriculo-
peritoneal shunt and had required between one and 25
revisions and 59 patients (70%) never needed a shunt.
Requirement for a shunt correlated with neurologic level
(Table 3).

All but 2% of the study individuals received some type
of education. The majority (54%) received special educa-
tion, and the remaining 44% received regular education.
Only 8% of patients achieved college degrees.

At the time of the followup, 56% of the individuals were
unemployed and 36% worked full-time. Employment was
related to IQ (Table 4).

Seventy percent of the individuals lived with their par-
ents or in an institution; 30% lived independently at the
time of followup. At the time of our study, 76% of the
individuals were not married or in intimate relationships.

Table 1. Cause of death of 45 individuals

Fifteen percent were married (12 female and one male)
with seven children among them, and 8% were divorced
(six female and one male) with two children. All nine
children were born without spina bifida and in each
instance the mother had spina bifida and the father did not.
One female was widowed and had not remarried.

Study individuals experienced varying degrees of inde-
pendence in their everyday lives. The majority (85%)
dressed themselves. Sixty-five percent shopped indepen-
dently, and 54% could drive. Seventy-six percent had their
own bank accounts, and 57% were receiving government
aid.

Neurologic level correlated with ambulation (Table 5).

Fifty-four percent of the 59 examined individuals
experienced pressure sores (decubiti) during their lifetime.
None of the current sores dated from childhood. However,
surgical treatment had required major amputations,
including a hemipelvectomy in one individual and a hip
disarticulation in another. At the time of examination, 44%
had active pressure sores in the pelvic area or lower
extremities. Pelvic decubiti did not correlate well with
pelvic obliquity because 38% of the individuals with pelvic
obliquity never had decubiti. Several others had decubiti on
the high side of their pelvic obliquity and many had an
ischial decubitus with a level pelvis (Table 6). Ten LS or
sacral-level patients had active pressure foot sores. Four
sacral-level patients had required amputations of or within
the foot as a result of pressure sores, one Symes and three
ray resections. At the time of followup, one of the foot ray
amputations and both the hip disarticulation and the hem-
ipelvectomy still had active ulcers. The amputations were
performed during débridement for osteomyelitis and an
attempt was made to maintain maximal length of the limb;

Table 3. IQ versus shunt and neurologic level

Cause of death Died before age 10 Died after age 10 Shunt and neurologic level 1Q > 90
General infection 10 5 Shunt 53%
Hydrocephalus 1 No shunt 65%
Heart failure 3 Thoracic/upper lumbar 57%
Kidney failure 3 Lower lumbar/sacral 69%
Unknown 8 6
Total 27 18
Table 4. Employment versus 1Q

Table 2. 1Q testing Employment status Entire group 1Q > 90 IQ <70
Cat P t

ategory M Full-time/part-time 36% 52% 15%
Intellectually disabled (IQ of < 60) 9% Unemployed 56% 38% 75%
Borderline intellectually disabled (IQ of 60-70) 26% College 2% 5% 0%
Low intelligence (IQ of 80-90) 23% Sheltered workshop 4% 0% 10%
Normal (IQ of > 90) 42% Retired 2% 5% 0%
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Table 5. Ambulation status

Neurologic level and percent Ambulation status

of entire group

Full-time Part-time Walk full-time Walk part-time Walk full-time
wheelchair wheelchair with crutches without crutches without crutches

Thoracic (31%) 100%

L1-L3 (12%) 86% 14%

L4-L5 (33%) 78% 22%

Sacral (24%) 100%

Table 6. Pelvic pressure sores

Pelvic obliquity Decubiti

Decubitus on the low side of obliquity 47%

Decubitus on the high side of obliquity 13%

Midline decubitus 4%

Prior hip disarticulation and hemipelvectomy 8%

No pelvic obliquity 28%

thus, the amputation level was often still in an area of
insensate skin. Because pressure sores were observed on
the high side of pelvic obliquity and on plantigrade feet, the
sores were attributed to loss of sensation and/or inability of
the individual to care for their skin. One individual with a
Symes amputation walked with a prosthesis.

Half of the examined individuals with thoracic level
lesions and 27% of patients with L3 and below had scoli-
osis of greater than 20°. Twenty percent of patients had
spinal fusions. Although pelvic obliquity persisted in many
patients, the fusions often decreased the severity of the
obliquity and improved sitting balance.

Hip dislocations commonly occurred when neurologic
levels were L4 and above. Hip reduction surgery often
failed and postoperative stiffness in several individuals
substantially decreased function (Fig. 1). All of the hips
that underwent surgical reductions either redislocated or
settled into varying degrees of subluxation.

Among examined individuals, there were 37 tendon
transfers in the foot, which included lateral transfers of the
anterior tibialis tendon, transfers of the anterior tibialis
tendon to the heel, and transfers of the posterior tibialis
tendon to the dorsum of the foot. Eleven of these tendon
transfers were functional, 22 were inactive, and it was
impossible to determine whether the remaining four were
truly functional because severe joint stiffness precluded
active movement.

There had been 13 Grice procedures; from this group, 10
remained plantigrade and three required conversion to tri-
ple arthrodeses. Of the 27 triple arthrodeses 22 remained
plantigrade, four developed recurrent deformities, and one
developed pressure sores requiring amputation. All four

Fig. 1 This radiograph demonstrates the adult outcome of a Colonna
arthroplasty performed on a 9-year-old L3-level patient with a
dislocated hip. The hip is ankylosed.

patients with recurrent deformity underwent revisions:
three pantalar arthrodeses and one talectomy. All four of
these attempts at revision failed and the feet developed
severe recurrent deformities.

Seven percent of those examined were in active renal
failure with BUN levels of greater than 40 and creatinine
levels above 3 (Table 7). Twenty-nine percent of the
examined individuals had inadequate bowel or bladder
control.

Discussion
Patients with spina bifida frequently experience social iso-

lation with limited employment opportunities and restric-
tion of independent living, neurologic and intellectual
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Table 7. Urologic status

Individual’s techniques Socially Renal
for urinary control acceptable failure
Intact urinary control (14) 14

Clean intermittent catheterization (6)

Indwelling Foley catheters (3) 3 2
Tlioconduits (18) 15

Wore diapers (12) 0

Condom catheters (6) 4 1

impairment, and orthopaedic and urologic consequences of
their condition. The previous literature, however, does not
clearly define the rates at which these consequences occur.
We therefore determined the physical and social condition
of adults with spina bifida. The study variables included the
cause of death for those who had died, IQ, education and
work histories, independent living status, physical disabil-
ities, any beneficial orthopaedic surgeries, and urologic
status.

We acknowledge limitations to our study. First, we lost
data that compromised the depth of analysis. The data in
this report are means and ranges because after these com-
putations were made, the individual study participants’
research charts were accidentally destroyed. The loss of
data prevented detailed correlation between physical dis-
abilities and function. However, the remaining data still
provide valuable information about the cohort. Second, the
patients in our cohort were treated 48 to 68 years ago;
current treatment might create different findings with less
intellectual impairment and hip stiffness. As an example,
the small number of shunted patients in our study likely
reflects a selection process because in the years 1941 to
1961, many patients with severe hydrocephalus died and
thus never came to our tertiary orthopaedic hospital.
Contemporary neurosurgical care has focused on providing
prompt venticuloperitoneal shunting to diminish impair-
ment from hydrocephalus [13]. Current orthopaedic care
has been directed toward the spine to improve sitting bal-
ance with fewer surgical procedures to maintain hip
reductions [7]. Third, 25 patients completed the question-
naire but were not able to return to the hospital for an
examination. Some of the 25 questionnaire-only patients
undoubtedly had important sequelae of their condition that
were not counted. Nevertheless, our data document much
of the adult consequences of spina bifida, including the
social implications of disabilities such as reduced cognitive
capabilities, limited ambulation, and urinary incontinence.

Adults typically die from sepsis or renal failure [15]. In
our study, the majority of individuals younger than age 10
died from generalized infection and older than age 10
infection and renal failure were the most common reasons
for death.

@ Springer

Several followup studies found a correlation similar to
ours between the requirement for a shunt and low IQs [9,
16, 17]. Although IQ cannot be dramatically changed, an
individual’s independence is a result of not only inherent
cognitive abilities, but also environmental factors. In a past
study, a group of adolescents with spina bifida participated
in a 2-week camp that involved activities and counseling to
improve their self-esteem, independence, and employabil-
ity [3]. Campers demonstrated both immediate and long-
term improvements, including increased socialization with
friends, learning to drive a car with handicap controls, and
seeking summer employment, when compared with a
control group of patients with spina bifida who did not
attend the camp. We predict enrolling children with mye-
lomeningocele in special education programs that focus on
realistic capabilities would engender similar results as the
described camp experience.

Our study correlated IQ, level of education, history of
employment, and ability to live independently. Only 42% of
our patients had an 1Q above 90 and of those, only 52%
worked full- or part-time. Comparing our results with recent
literature raises questions regarding whether outcomes have
improved. A study evaluating adults with spina bifida
whose treatment occurred an average of 16 years after our
patients [16] reflected a similar experience regarding suc-
cessful independent living (37% versus our 30%) and
driving (39% versus our 54%). Seventy percent of their
individuals had 1Qs greater than 80 compared with our
study in which 42% had IQs greater than 90. Nevertheless,
only 26% of their subjects were regularly employed com-
pared with 36% of our individuals. The majority of
individuals in our cohort received special education, but the
special education programs of 30 to 70 years ago were
much less focused on the patients’ specific problems and
may have been less effective in helping them become
educated and independent. Modern special education pro-
grams, specifically designed to help children with spina
bifida transition to adulthood, should greatly improve the
futures of children with the condition. A publication in 2001
described a 20- to 25-year followup of 71 adults with spina
bifida and found 85% were attending or had graduated from
high school or college [4]. Only 8% of our group achieved a
college degree. Perhaps the modern availability of focused,
special education classes in the early years of school helped
those individuals achieve the skills necessary to succeed in
college. In addition, online curricula, diversity programs,
and the increased variety of degree choices currently
offered in college allow for a larger group of handicapped
people to attend. Architectural barriers limiting access to
buildings for handicapped people were also more common
in the past and modern building design may account for the
apparent increase in college attendance for wheelchair-
dependent people with spina bifida.
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The results of the followup physical examination sug-
gest several possible improvements in orthopaedic care for
patients with spina bifida. Many of the orthopaedic sur-
geries performed for these children did not improve their
function and, in several instances, seemed detrimental.
Common procedures such as hip reduction surgery often
failed with the hip remaining subluxated at followup. A
few of the postoperative hips were stiff and resulted in loss
of ambulatory function. Hip reduction surgery has been
advocated for L4-L5 level patients to help maintain their
walking capabilities, because walking with a reduced hip
consumes less energy compared with walking with a sub-
stantial Trendelenburg gait. Nevertheless, 78% of the L4—
L5 level individuals used a wheelchair at least part-time.
Individuals’ global function depended more on the ROM of
the hip than on whether it was located or dislocated.
Because better lower extremity ROM benefitted function,
contracture releases were probably helpful. However, these
surgeries were performed in the distant past and the amount
of permanent contracture improvement was difficult to
determine because many of the charts did not document the
preoperative degree of contracture.

Individuals with spinal fusions had better postoperative
sitting balance and therefore needed less upper extremity
support to sit. This probably allowed them to use their
hands more as compared with individuals with severe
untreated spinal curves. However, there were several
individuals who had untreated severe spinal curves and
who also functioned at a very high level. Our impression
that spinal deformity surgery improved sitting balance but
did not dramatically improve physical function was also
described in a recent paper [23]. Orthopaedic surgery
performed to maintain plantigrade feet was helpful. Indi-
viduals with feet that were substantially deformed had
trouble with ambulation even if their neurologic level was
low and their muscle strength good. However, plantigrade
feet still had high rates of pressure sores and many low-
level patients needed partial foot amputations.

Medical problems that affect children with spina bifida
continue and become increasingly difficult to manage
throughout adulthood [25], and patients’ physical and
neurologic conditions hinder their ability to function as
independent individuals. Our study subjects were in need
of good general medical care, occasional general ortho-
paedic care, and treatment of pressure sores.

Despite the physical disabilities, we speculate the right
type of education and family environment can help
diminish the negative social consequences associated with
spina bifida. Encouraging and guiding parents to cultivate
early independence in their children will impact their
success as adults [12, 20]. Multidisciplinary spina bifida
clinics have been effective in providing treatment for these
children’s complex medical and orthopaedic problems.

Likewise, the closure of a multidisciplinary spina bifida
clinic has been demonstrated to have a deleterious effect on
the patient’s subsequent treatment [11]. Multidisciplinary
clinics that focus on treating children with spina bifida
should include social and psychological assessment of the
child and the parents. Some multidisciplinary spina bifida
clinics only involve social workers and psychologists on an
“as-needed” basis [1]. Unfortunately, managing children
with spina bifida with a multidisciplinary clinic that eval-
uates only the patient’s medical and orthopaedic needs will
ignore the issues that become crucial in adulthood: devel-
oping independence, employment, and social acceptance.
Our study suggests the potential benefit of individualized
educational programs focused on goals judged to be
achievable by each participant. Our study also suggests
orthopedic surgery should be very selective and focused on
achieving a straight spine with a level pelvis, supple joints,
and plantigrade feet.
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