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Abstract
Objective: To evaluate the appropriate use of arm span measurements as a substitute for height/linear
length to evaluate obesity in people with myelomeningocele by comparing calculated body mass indices
(BMIs) with recently published BMI graphs by the Centers for Disease Control and Prevention (CDC) and
National Center for Health Statistics standards (NCHS) published in 2000.

Study Design: Retrospective analysis of collected data on patients seen in the University of Washington
Birth Defects Clinic from July 1, 1965, through June 1, 2008. Observations included degree of paralysis,
presence of scoliosis, height (linear length), weight, and arm span. We compared published CDC/NCHS
BMIs with our data using both height and arm span in place of height/linear length. There were 14,701
measures collected during 4,968 visits from 709 patients. Mean values were calculated using age, gender,
and lesion level as independent variables.

Results: Comparison of BMI means of patients with myelomeningocele suggests that our observations
using arm span and height are comparable with the CDC/NCHS BMI means using height for the 2 least
paralyzed groups but not for those groups with paralysis from high-level lesions that are more likely to
exhibit lower extremity deformities or scoliosis.

Conclusions: Published CDC/NCHS graphs, with their percentiles, are appropriate for estimating normal
growth by BMI for children born with myelomeningocele when arm span is substituted for length if severe
body differences due to high-level paralysis are taken into consideration.
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INTRODUCTION

Hayes-Allen in 1972 first identified short stature and
obesity among children with spina bifida (1). Since then
a number of articles have described a high prevalence of
obesity ranging from 29% to 74%, with an average of
42.4% (1–9). The results vary according to the number,
age, and sex of the patients, as well as the methods of
assessment. In 1984, Charney et al (2) suggested using
arm span as a substitute for height/linear length in the
calculation of weight to height measures to evaluate for

obesity in children with myelomeningocele. In 1986, we
suggested using arm span to calculate body mass index
(BMI) but had too few observations to provide adequate
estimates of mean measures with standard deviations by
age, sex, and level of paralysis (3).

There were several practical reasons for these
recommendations. These children have a high incidence
of decreased height or linear length secondary to
kyphosis, scoliosis, abnormal vertebrae, and lower
extremity hypoplasia associated with their myelomenin-
gocele (3,4,6,10–12). A number of studies have reported
the value of using arm span as a substitute for estimating
body functions (eg, pulmonary function, growth) and for
calculating medication dosages for people with scoliosis
or when height or length are difficult to obtain (13–19).
Others have stated arm span is not a substitute for height
in the evaluation of growth or BMI and is not optimal for
evaluating lean body mass in patients with myelomenin-
gocele or cerebral palsy (20–22). The US Centers for
Disease Control and Prevention (CDC) and the National
Center for Health Statistics (NCHS) recently published
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mean BMI graphs with 3rd to 97th smoothed percentiles
for females and males in age groups 2 through 20 years
of age (23).

This study was undertaken to determine the most
appropriate clinical method for calculation of BMI to
monitor for obesity and/or a propensity toward obesity in
patients with myelomeningocele.

STUDY DESIGN

For this study, permission to retrieve anthropometric
data and age at collection from the Patient Data
Management System computer file and the Seattle
Children’s Hospital medical records was granted by the
hospital’s Institutional Review Board (#E 01-037-05).

We included all patients with myelomeningocele
seen on a yearly basis on or near their birthdays from age
2 through 20 years from July 1, 1965, through June 1,
2008, at the University of Washington and Seattle
Children’s Hospital Birth Defects Clinics. From 1965 to
1974, height/linear length, and weight and since 1974
height/linear length, weight, and arm span were
recorded by trained medical assistants on data collection
forms subsequently entered into the Patient Data
Management System computer file (24).

Body weights (in kg) were recorded on a platform
scale for those who could stand; for those who could not,
an infant scale or a wheelchair-accessible scale produced
by Scale-Tronix (White Plains, NY) was used. Arm spans
(in cm) were measured with a metal ruler that has a
welded right angle at ‘‘0’’ and a sliding right angle;
patients were instructed to push out as far as possible
with their finger tips touching the fixed right angle and
the sliding right angle. This procedure was designed to
overcome adduction of the shoulder girdles during
measurement. Our method of measuring arm span had
a test/retest accuracy of mean 5 0.9 ± 0.1 cm, r 5 0.917
(n 5 32).

Heights (in cm) were measured on a Stadiometer
(Holtran, Ltd, Crymych, Dyfed, Wales, United Kingdom)
in the standing position for those without either dynamic
or fixed lower extremity contractures in the hips, knees,
or ankles regardless of the presence of spine abnormal-
ities. Those with dynamic or fixed lower extremity
contractures in the standing position had linear lengths
measured on a Stadiometer fixed on a horizontal
examining table. Segmental measurements were ob-
tained from hip to knee and knee to sole of the heel and
added to sitting height. Henceforth, height will be used
in this paper to represent both height and linear length.

These data were transferred to data collection forms
in clinic and then transferred to the Patient Data
Management System by a research assistant on a routine
basis and, most recently, by one of the authors (S.D.).
The error rate during transfer of these data has been
reported as 0.2% (25). Data were also obtained from
medical record progress notes written by physicians and/
or nutritionists. PDMS and medical record data for this

study were entered into an Excel file without any of the
US Health Information Privacy Prevention Act personal
identifiers for study analysis.

We created data sets containing each patient’s
computer identification number, gender, age in years
and tenths, weight, height, lesion level, arm span, and
BMIs calculated using both height and arm span. Three
lesion levels (LL) were defined (Table 1). Lesion level 1
(LL1) included patients with thoracic and high lumbar
motor levels 1 to 3; LL2 included patients with lumbar
motor levels 4 to 5; LL3 included patients with sacral
motor function levels. All patients in the LL1 group used
wheelchairs as their primary method of mobility, and
those in the LL2 group used braces and crutches to
ambulate until later childhood, when some began using
a wheelchair for extended locomotion. The majority of
those in the LL3 group ambulated throughout childhood
(26).

Statistical Analysis
One of the authors (D.B.S.) plotted each patient’s growth
on CDC/NCHS height, weight, and BMI graphs. Dis-
crepant numbers were checked for accuracy against the
patients’ PDMS data collection forms for data entry errors
and against their medical records for errors in transfer of
data to the data collection forms. Potential errors that
could not be better explained were deleted if measures
before and after the aberrant numbers indicated that
they were obvious mistakes. Mean values for height,
weight, arm span, and both BMI calculations by age,
gender, and LL were determined using Excel and
stratified for pairs of height and arm span simultaneous
observations using STATA 10.1 software (StataCorp,
College Station, TX). Subsequent analyses included
stratification by gender and LL. Mean values for height,
arm span, and BMIs were calculated by age. For each arm
span–height-matched pair observation in which arm
span was longer than height, the longer percent was
calculated. The mean percent longer was plotted by age
along with 95% Bland-Altman (27) confidence limits.
Mean differences between observed arm spans and

Table 1. Participant Demographics by Sex and Lesion
Levela

Lesion Level

Sex

Male (N) Female (N) Total (N)

358 (51%) 348 (49%) 706 (100%)

1 121 (34%) 134 (39%) 255 (36%)

2 125 (35%) 116 (33%) 241 (34%)

3 112 (31%) 98 (28%) 210 (30%)

a There are higher numbers of patients in the paired analyses in
this table than in the other tables because both height and arm
span data were not collected at the same visit.
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Englebach’s (28) data for peers ages 8 through 17 years
were examined using generalized estimating equations
to account for correlation of multiple arm span measures
collected for each patient (29,30); 95% CIs were
generated from these analyses. Age-matched pair obser-
vations of arm span and height BMI CDC/NCHS
percentile pairs were calculated and plotted for each
participant.

The differences between paired percentiles were
examined using mean percentile differences and gener-
alized estimating equation 95% CIs for comparison
between them and BMIs calculated using each. We

Figures 1–3. Plots of the percent mean differences (3)
between arm span (—) minus height (–#–) divided by
height for females and males in each of the lesion level
groups by age.

Figures 4–6. Plots of body mass index (BMI) calculated
by both arm span (¤) and height (n) for each of the lesion
level groups by sex and age are superimposed on Centers for
Disease Control and Prevention/National Center for Health
Statistics BMI percentile graphs. The background BMI
graphs for the lesion level 1 male and female groups
(Figure 4) have the percentiles lowered because of lost lean
body mass, as explained in the text.
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Table 2. Overall Percent Differences Between Normative Data for Arm Span of Patients Reported by Englebach and
Age Peers in 3 Lesion Level Groups With CIs Analyzed by Generalized Equation Estimates for Females and Males

Age (y) and

Sex

‘‘Normal’’

Arm Spana

LL 1 LL 2 LL 3

Observedb Mean Differencec Observed Mean Differencec Observed Mean Differencec

8 M 121.5 N 5 53

122.4

0.80% N 5 48

125.7

3.40% N 5 48

125.6

3.40%

8 F 120.5 N 5 49

121.6

0.90% N 5 42

121.9

1.20% N 5 33

124.9

3.70%

9 M 127.5 N 5 50

129.1

1.20% N 5 46

132.5

3.90% N 5 39

132.3

3.80%

9 F 126 N 5 47

127.7

1.30% N 5 43

129.5

2.80% N 5 36

131.7

4.50%

10 M 133.5 N 5 48

133.3

20.10% N 5 47

138.4

3.70% N 5 56

138.7

3.90%

10 F 131.5 N 5 47

136.0

3.50% N 5 46

133.8

1.80% N 5 35

138.5

5.30%

11 M 139 N 5 42

142.7

2.60% N 5 50

144.8

4.20% N 5 34

144.7

4.10%

11 F 138.3 N 5 49

140.6

1.70% N 5 35

143.1

3.50% N 5 36

144.0

4.20%

12 M 144.5 N 5 40

150.4

4.10% N 5 36

151.5

4.80% N 5 30

152.5

5.50%

12 F 143.8 N 5 45

144.3

0.40% N 5 38

149.7

4.10% N 5 30

152.9

6.40%

13 M 150.5 N 5 49

156.2

3.80% N 5 35

161.1

7.10% N 5 46

158.4

5.30%

13 F 149.3 N 5 45

146.6

21.80% N 5 45

150.7

1.00% N 5 25

152.8

2.40%

14 M 154.8 N 5 46

161.0

4.10% N 5 37

164.6

6.40% N 5 40

163.9

5.90%

14 F 153.3 N 5 50

149.2

22.60% N 5 35

155.5

1.50% N 5 28

154.7

0.90%

15 M 160.5 N 5 43

165.2

2.90% N 5 31

170.5

6.20% N 5 34

170.0

5.90%

15 F 157.5 N 5 39

149.9

24.80% N 5 34

156.8

20.50% N 5 26

156.6

20.60%

16 M 164.5 N 5 33

168.4

2.40% N 5 30

170.5

3.70% N 5 33

170.7

3.80%

16 F 159 N 5 29

150.8

25.20% N 5 25

157.5

20.90% N 5 23

155.1

22.50%

17 M 168.8 N 5 39

169.1

0.20% N 5 29

173.4

2.70% N 5 28

174.0

3.10%

17 F 160.5 N 5 42

151.9

25.30% N 5 25

154.9

23.50% N 5 18

163.2

1.70%

Overall mean difference M 2.1% M 4.5% M 4.5%

F 20.8% F 1.4% F 3.1%

95% CI from generalized

estimation equation

M (0.6%, 3.7% ) M (3.1%, 6.0%) M (3.2%, 5.7%)

F (22.4%, 0.7%) F (0.0%, 2.7%) F (1.8%, 4.4%)

a From Engelbach (28).
b Number of observations and mean arm span.
c Mean percent difference between Engelbach’s data and the observed mean of the same line.
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Table 3. Description of Female Participants by Age and Lesion Level (LL)

Age (y)

LL 1 LL 2 LL 3

Subset n/Total N

(% Total N)a

Mean %

Longerb
Subset n/Total N

(% Total N)a

Mean %

Longerb
Subset n/Total N

(% Total N)a

Mean %

Longerb

2 32/56 (57) 4 14/49 (29) 5 9/34 (26) 3

3 32/55 (58) 5 23/45 (51) 4 8/29 (28) 2

4 40/57 (70) 6 32/50 (64) 3 6/30 (20) 3

5 43/54 (80) 7 38/51 (75) 4 9/32 (28) 4

6 47/54 (87) 8 42/56 (75) 4 11/32 (34) 3

7 43/47 (91) 9 27/35 (77) 5 14/36 (39) 3

8 47/50 (94) 9 36/41 (88) 5 18/38 (47) 3

9 44/47 (94) 11 36/42 (86) 6 15/31 (48) 3

10 42/47 (89) 12 36/40 (90) 6 19/37 (51) 2

11 42/47 (89) 14 29/32 (91) 7 17/31 (55) 3

12 41/44 (93) 14 34/36 (94) 7 22/29 (76) 3

13 38/40 (95) 15 37/40 (93) 7 15/27 (56) 3

14 44/47 (94) 15 34/35 (97) 8 15/27 (56) 3

15 38/40 (95) 16 25/28 (89) 9 15/19 (79) 2

16 27/29 (93) 14 26/27 (96) 8 11/20 (55) 4

17 33/34 (97) 14 22/23 (96) 7 8/14 (57) 5

18 29/30 (97) 15 21/21 (100) 8 8/10 (80) 5

19 21/23 (91) 15 11/11 (100) 9 2/4 (50) 2

20 11/11 (100) 15 6/6 (100) 6 2/4 (50) 2

a Represents the number of patients with simultaneous arm span and height measures (arm span . height).
b Arm span – height / height, where arm span . height.

Table 4. Description of Male Participants by Age and Lesion Level (LL)

Age (y)

LL 1 LL 2 LL 3

Subset n/Total N

(% Total N)a

Mean %

Longerb

Subset n/Total N

(% Total N)a

Mean %

Longerb

Subset n/Total N

(% Total N)a

Mean %

Longerb

2 21/50 (42) 5 15/53 (28) 4 12/44 (27) 3

3 29/42 (69) 6 16/47 (34) 4 12/33 (36) 4

4 37/43 (86) 7 27/51 (53) 4 17/41 (41) 4

5 40/49 (82) 8 37/49 (76) 4 17/43 (40) 3

6 37/44 (84) 9 37/46 (80) 5 25/49 (51) 3

7 45/51 (88) 9 38/50 (76) 4 27/51 (53) 4

8 48/51 (94) 9 44/47 (94) 5 19/41 (46) 3

9 45/46 (98) 10 45/47 (96) 5 22/39 (56) 4

10 51/52 (98) 10 41/45 (91) 6 34/55 (62) 4

11 40/40 (100) 13 45/48 (94) 6 26/35 (74) 4

12 40/41 (98) 15 28/32 (88) 7 24/34 (71) 5

13 39/39 (100) 15 35/35 (100) 8 32/42 (76) 5

14 52/52 (100) 14 36/37 (97) 8 26/35 (74) 6

15 34/35 (97) 16 27/29 (93) 9 33/40 (83) 5

16 33/33 (100) 15 30/31 (97) 8 21/26 (81) 5

17 37/37 (100) 18 28/30 (93) 8 22/27 (81) 5

18 31/31 (100) 18 23/26 (88) 8 16/21 (76) 4

19 24/24 (100) 15 19/19 (100) 8 15/16 (94) 5

20 12/12 (100) 18 10/10 (100) 9 4/8 (50) 6

a Represents the number of patients with simultaneous arm span and height measures (arm span . height).
b Arm span – height / height, where arm span . height.
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calculated the mean differences between our values for
arm spans in female and males from ages 8 through
17 years and values of similarly aged peers from
Englebach’s data (28). We paired matched pair values
for arm span and height both in tables and graphs
plotting 95% confidence limits analyzed by generalized
estimations equations (29,30) for each group’s 5
anthropometric measures (height, weight, arm span,
and BMIs calculated using both height and arm span) by
age and gender to create 5 tables and 6 graphs. All
analyses were executed using Excel and STATA 10.1
software.

RESULTS

In Table 1, we report a summary of our patients in each
of the LL groups by sex. Our data include measures of
height/linear length, weight, and arm span obtained
during 4,968 visits by 709 patients. Of these measures,
4,968 are weights, 4,929 are height/linear lengths, and
4,763 are arm span measures. Both arm span and height
were not collected at every visit.

Table 2 reports the overall percent differences be-
tween normative data for arm span of patients reported
by Englebach (28) and age peers in 3 LL groups with CIs
analyzed by generalized equation estimates for females
and males.

Tables 3 (females) and 4 (males) present the mean
percent difference (arm span – height / height) between
paired measurements of arm span and height; this same
information is shown graphically in Figures 1 through 3.
‘‘Subset n’’ in Tables 3 and 4 represents the number of
patients with simultaneous arm span and height mea-
sures. For the LL1 group, the mean percent greater
length of the Englebach data (28) range compared with
our group with myelomeningocele is 4% to 16%
(females) and 5% to 18% (males); for the LL2 group,
3% to 9% (females) and 4% to 9% (males); and for the
LL3 group, 2% to 5% (females) and 3% to 6% (male).

Table 5 provides the generalized estimation equation
analysis as 95% CIs for females and males to demonstrate
within patient correlations for both females and males in
all 3 LL groups. These same data are shown as graphs of
mean BMIs in Figures 4 through 6. Because of the
difference between the estimates for the 2- to 7-year-old
and 8- to 20-year-old patients in the LL1 group, those CIs
are shown separately.

Figures 1 through 3 illustrate the mean paired arm
spans minus heights for the 3 separate LL groups with the
mean percent arm span longer than height (arm span –
height / height) for both females and males with the
actual numbers in Tables 3 and 4.

Figures 4 through 6 and illustrate the mean BMIs for
females and males calculated by using height and
separately by using arm span superimposed on the 5th,
50th and 95th percentile CDC/NCHS BMI graphs for the
3 LL groups.

The differences between the BMIs calculated before
and after scoliosis repair using arm span and those
calculated using height are similar to those for females
(mean 5 4.7, range 5 2.5–14.1, 95% CI 5 2.3–8.5) and
for males (mean 5 5.7, range 5 1.2–9.1, 95% CI 5 4.5–
7.4). These differences were calculated for matched
paired observations for those patients older than age
15 years after spinal correction for scoliosis.

Both the effects of athletic activity and the effect of
scoliosis with repair are of such complexity we have
chosen to present them as a future separate paper and
provide only an example of their impact in Figure 7. As
an example of patients in the LL3 group, these 2 graphs
(Figure 7a and b) demonstrate BMIs calculated using
both height and arm span of a wheelchair athlete before
and after he began athletic activities, as well as before,
during the development of, and after stabilization of his
scoliosis. Throughout this period, this patient’s skinfold
thickness remained near the 50th percentile.

In the Discussion, we explain why the background
CDC/NCHS percentile curves and graphs in Figures 4
and 7b have been modified by lowering the background
CDC/NCHS percentile lines.

DISCUSSION

The data collection methods in this study are basic
compared with those in other investigative studies.
However, the repeat measurement accuracy of our arm
span measures (r 5 0.917) are comparable with the r 5

0.997 (13) and repeat error of 0.25 cm (r 5 0.989) (16)
reported when using a tape measure against a wall. We
have used BMI as the most clinically acceptable method
of assessing body mass despite reports by others claiming
skinfold thickness to be more accurate (4,6). We have
found the test/retest and inter-tester reliability of skinfold
thickness measures to be unreliable except in the
subscapular region, as confirmed through literature
review (3). Furthermore, in 2006 Larsson et al (8)
reported that ‘‘…compelling reasons must then be
provided for proposing other alternatives to weight for
height index …,’’ advice that is more pertinent since the
publication of the CDC/NCHS BMI data and charts (23).

The arm span as a substitute for height method we
propose is applicable to most clinics caring for patients in
wheelchairs or for those where it is difficult to obtain
height or linear length measures because of the patients’
inability to stand, their scoliosis, or their lower extremity
deformities (13–19). We have not used more stringent
investigative measures (4–9,11) in our study because
they are expensive or radioactive and not available in
most clinic situations.

As demonstrated in Tables 3 through 5 and Figures 1
and 2, we would agree with the observation that arm
span is not equivalent to height for all patients with
meningomyelocele (20,21) because of deformities of the
spine and lower extremities in many of these children (1–
3,10–12). That arm span is not equivalent to height is,
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we believe, irrelevant to the stated objective of this
paper. We are suggesting that arm span is a better
method to use in estimating growth in formulae that use
height to predict body functions when the patient has
deformities that produce body and/or lower extremity
shortening. We are not suggesting that arm span is an
approximation of height in all children with myelome-
ningocele. These data, however, do demonstrate that
arm span is equivalent to height in younger children with
myelomeningocele who have not yet developed signif-
icant growth retardation of the lower extremities or
scoliosis and among the least paralyzed without these
significant changes regardless of age. (Tables 3–5,
Figures 1–3). In addition, data in Tables 3 and 4
demonstrate that arm span is neither longer (11) nor
shorter (31) than expected for age, as reported by others.

The relatively small differences between arm span
and height among the 2- to 8-year-old children in the
LL1 group (Tables 3–5, Figure 1) probably represent
children beginning to show the effect of delayed growth

Table 5. Generalized Estimation Equation Analysis of
the Difference Between Paired Height and Arm Span
Body Mass Index in Centers for Disease Control and
Prevention/National Center for Health Statistics Percen-
tiles

Lesion

Level

Number of

Height/Arm

Span Pairs

Estimated Mean

Percentile

Difference 95% CI

Subset

Age (y)

Female

1 812 24.7 (20.1, 29.4) Total

323 17.2 (12.1, 22.20) 2–7

489 29.7 (23.8, 35.5) 8–20

2 668 13.7 (10.4, 17.1)

3 484 20.7 (23.4, 2.1)

Male

1 772 32.4 (27.7, 37.2) Total

279 20.3 (13.5, 27.0) 2–7

493 39.3 (34.3, 44.3) 8–20

2 732 14.8 (11.2, 18.4)

3 681 4.9 (1.8, 8.0)

r

Figure 7. Plots of body mass index calculated both by
using height (–N–) and arm span (–¤–) before and after
beginning participation in sports and immediately before
and after spinal fusion for scoliosis. (a) The patients’ plots
against unaltered Centers for Disease Control and Preven-
tion/National Center for Health Statistics (CDC/NCHS)
percentile graphs; (b) the patients’ plots against CDC/
NCHS percentile graphs that have been lowered by
approximately 50% of body mass index for age.

416 The Journal of Spinal Cord Medicine Volume 33 Number 4 2010



due to paralysis and the development of hypoplasia. The
increasing divergence after age 8 years is due to the
added effect of scoliosis (10,12) during this time of rapid
growth (15) associated with the beginning of puberty
(32). The difference in the widening of the discrepancy
between height and arm span is less evident in the
intermediate paralyzed group (LL2) (Tables 3–5, Fig-
ure 2) and less so in the least paralyzed (LL3) (Tables 3–
5, Figure 3) because of less severe paralysis (1) and a
lower frequency of scoliosis (12).

Figure 7 illustrates the effect of scoliosis on BMI when
calculated using height vs arm span. Scoliosis in its most
severe preoperative effect is associated with an artificially
excessive BMI when calculated by linear length but not by
arm span. The patient’s weight gain remained appropriate
during this sequence of BMI changes. His subscapular
skinfold thickness measurements were within normal
limits throughout the time described. To use height rather
than arm span when calculating BMI results in individuals
with significant body shortening due to scoliosis being
incorrectly described as ‘‘obese’’ or ‘‘overweight.’’

This phenomenon is further documented by the mean
differences between preoperative BMIs calculated by
height and arm span for females (mean 5 4.7, males
5.7) between BMIs calculated using height and arm span
for those patients who experienced severe enough scoliosis
to require spinal correction, which was noted in the next to
the last paragraph of the ‘‘Results’’ section. These smaller
differences than demonstrated in Figure 7b can be
explained by the intervals between the last height measure
before scoliosis repair and the surgery. Patients identified in
the clinic (where yearly heights and other anthropometric
measures are recorded) are referred to the Orthopedic
Spine Clinic. While patients were followed there, no linear
measures are recorded; the last height measure may have
been 1 to 11 months before surgery. These smaller
differences than those demonstrated in Figure 7b and
Tables 3 through 5 may also be explained by fewer
patients requiring surgical correction of the scoliosis, the
minimal levels of curve remaining after insertion of rods
that are extended periodically to account for growth, and
the large percent of patients in all 3 groups who developed
scoliosis but did not progress to surgery (12).

The effect of the discrepancy between arm span and
height shortened by scoliosis and lower extremity
hypoplasia on BMI calculations is demonstrated in the
data in Figures 4 through 6 and Table 5. Our data would
support previously published reports (13–19) that arm
span is a better parameter than height to calculate body
functions for patients with myelomeningocele and
scoliosis and/or hypoplastic lower extremities. For pa-
tients with myelomeningocele and with intermediate or
minimal paralysis (LL2 and LL3) without scoliosis or lower
extremity hypoplasia, either height or arm span can be
reliably used to estimate BMI.

In addition, the lack of lean body mass is
associated with a need for lower calorie intake to

maintain appropriate weight gain in the severely
paralyzed, LL1 group (33,34). Appropriate weight and
low lean body mass causes the CDC/NCHS curves to
indicate a low BMI, incorrectly suggesting an under-
nourished state. Studies using more accurate methods
to estimate lean body mass are important to this
discussion because they describe lean body mass of
approximately 50% of ‘‘normal’’ among patients with
high levels of paralysis and myelomeningocele (LL1
group) (4–9). This low lean body mass is primarily due
to the absence of the large muscles about the hip and
thigh in the LL1 group compared with their less
paralyzed peers in groups LL2 and LL3. Investigators
(4–9) have demonstrated that from 40% to 50% of
lean body mass is missing in this group with severe
paralysis. The loss of lean body mass also helps explain
why children with myelomeningocele and significant
paralysis become overweight or obese despite low
calorie intake (33–35).

Because of these considerations and observations, we
have adjusted the CDC/NCHS percentiles in Figures 4
and 7b by lowering the background BMI percentile
curves shown in Figures 5 through 7a by approximately
50%. We suggest that such an adjustment should be
made in CDC/NCHS BMI graphs to more easily explain
to parents of children with myelomeningocele and a high
level of paralysis the effect reduction in lean body mass
has on ‘‘normal’’ expectations for weight gain and calorie
requirements. If these modifications to the BMI graphs
are used in conjunction with arm span to estimate BMIs,
the actual frequency of obesity among patients with
high-level lesions (LL1) will be appropriately increased
and the proportion of children deemed less than the
third percentile for BMI reduced.

BMIs calculated using height and arm span for the
least paralyzed female group (LL3) are essentially
identical (Figure 6). The weight gain among older
patients in this group agrees with an earlier study (36)
but contradicts the suggestion that children either
become obese and ‘‘retreat to a wheelchair’’ or become
obese because they have given up walking (37,38).
Patients in this least paralyzed group rarely ‘‘retreat to
wheelchairs’’ (37–40). The development of obesity is
seen in the same level paralysis male group only after the
age of graduation from high school and may be due to
termination of team athletic activities and/or the adop-
tion of a more sedentary lifestyle. Patients in the
intermediate group (LL2) demonstrate obesity at inter-
mediate rates between the other 2 groups.

Our program emphasizes prevention of obesity by
dietary restriction, diversion activities, and exercise, as
well as the approach to weight reduction recommended
by Dietz (41). The observations we report in this study,
therefore, reflect a greater emphasis on weight control
and may not be comparable with other groups of
myelomeningocele patients, as suggested by Liptak et
al (39).

Obesity and Myelomeningocele 417



CONCLUSIONS

To best utilize the extensive data in the CDC/NCHS BMI
graphs, BMI calculation should use arm span, because it
is more appropriate than height for patients with body
and/or lower extremity deformity primarily due to high
levels of paralysis (LL1) or significant scoliosis. Falsely low
BMIs can be corrected by lowering BMI percentiles for
patients with a loss of large muscle mass about the hips
and thighs. Either height or arm span can be used to
calculate BMI in patients with low lumbar (LL2) or sacral
(LL3) LLs without scoliosis. Published CDC/NCHS graphs
with their BMI percentiles are appropriate for estimating
normal growth for children born with myelomeningocele
if these considerations are taken into account.

Tables of height/linear length, weight, and arm span
by gender and LL groups for patients with myelomenin-
gocele for groups 2 to 20 years of age are available upon
request (david.shurtleff@seattlechildrens.org).
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