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ABSTRACT

children.

Objective : To demonstrate that alternative measures are reliable predictors of height in children
with spastic quadriplegic cerebral palsy (CP) and moderate/severe malnutrition and in healthy

Methods: In an intervention study, thirteen patients with CP (10 females and 3 males, with an
average age of 9 y 11 m+2 y 3 m) with Gross Motor Function Classification System level V and
moderate/severe malnutrition were included. They were compared with 57 healthy participants (31

*Corresponding author: E-mail: vasquez.garibay@gmail.com;




Garcia-Contreras et al.; BIMMR, 14(12): 1-10, 2016; Article no.BIMMR.25458

females and 26 males with an average age of 8 y 7 m+10 m). Weight, height and alternative
measures to height were obtained. ANOVA, Student’s t test, the Mann-Whitney U test, the Wilcoxon

test, and the Pearson correlation were used.

Results: Significant differences were observed in weight, height and alternative measures between
children with CP and healthy children (p < 0.001). In healthy children, knee height (KH) and lower-
leg length (LLL) were similar to standing height. The correlation coefficients between height and
alternative measures as well as correlations between the heights estimated by alternative measures
were higher in children with CP than in healthy children.

Conclusion:

KH was the most appropriate measurement to estimate height in children with spastic

quadriplegic CP and in healthy children. In the absence of a segmometer, height can be estimated
by LLL in children with spastic quadriplegic CP and healthy children. The anthropometric indexes
height/age and BMI were more appropriately obtained by the height estimated by KH or LLL.

Keywords: Cerebral palsy; alternative measurements to height; lower-leg length; upper-arm length;

knee height.
1. INTRODUCTION

Accurate and appropriate estimation of weight,
height and length in children with cerebral palsy
(CP) is essential to assess their nutritional status
and linear growth through indexes such as
height/age (H/A), weight/age (W/A) and body
mass index (BMI), both in percentiles or Z score,
and from these results to calculate correctly their
energy requirements [1]. Often, the height or
length cannot be estimated correctly due to
factors such as contractures, muscle weakness,
spasticity, and scoliosis and bone deformities,
lack of patient cooperation or involuntary
movements [1,2]. Therefore, alternative
measures, such as knee height (KH), lower-leg
length (LLL) and upper-arm length (UAL) [3-5],
have been extensively studied and shown to be
reproducible and suitable for their clinical use in
children with CP [1,5]. Knee height is relatively
easy to measure and is the measurement that
has the lowest standard error, and it is the most
useful measurement when a segmometer is
available [5]. According to Stevenson [5] and
Hoganl, this measurement suitably correlates
with stature or length in children with CP
(r=10.98 and r = 0.88, respectively; p < 0.05).

These alternative measures of linear growth
have been assessed in children with CP [1,6]
and healthy children [7-9] with various equations.
The equations proposed by Stevenson have
been implemented and reproducible for children
with CP in different countries [6]. It is recognized
that growth patterns for healthy children are not
suitable for assessing the nutritional status of
children with CP because their fat-free mass, fat
mass, weight and bone mass are usually
decreased [5]. These equations, which were
made for children with CP [5], were reproducible

for children with hemiplegia, diplegia [10] and
triplegia, but have been little studied in children
with quadriplegia. It is known that among children
with CP, those with spastic quadriplegia have the
greatest involvement of linear growth [11]. There
are growth charts for assessing upper-arm and
lower-leg lengths for children 3-18 years [12];
however, these charts derive from healthy
subjects, and it would be inappropriate to use
them for children with spastic quadriplegic CP
because the height of children with CP is, on
average, -1 SD at the age of three years [13].
Therefore, due to the limited information
available on the use of these equations in
children with spastic quadriplegia, the purpose of
this study was to show that these alternative
measures allow a reliable estimation of height
and body mass index in children with spastic
quadriplegia and moderate/severe undernutrition
and in healthy children.

2. METHODS

There were two included studies. The first study
was an intervention study including 15 subjects
(10 females and 5 males) with spastic
quadriplegic CP, moderate or severe
malnutrition, and non-ambulation with severe
brain damage. The age ranged from 6 years 9
months to 12 years 8 months (9 y 11 m+2y 3 m).
Patients were recruited at the Infant Nutrition Unit
of the Dr. Juan I. Menchaca Civil Hospital and
were hospitalized for four weeks of nutritional
recovery. They were fed enterally (nasogastric
tube or gastrostomy: n = 8, n = 5, respectively)
with a lactose-free infant formula (Nestlé ®)
supplemented with corn syrup to increase the
energy density from 0.67 to 0.80 kcal/mL. The
formula was placed in a bag with a capacity of
500 mL (Pisa®) and connected to a feeding tube
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(D-731 or 732, Mexico Desvar SA). It was
administered by a continuous infusion pump
(Braun®). During the first two weeks, energy
intake was 112 kcal/kg/d (12 kcal/cm/d) and was
115-116 kcal/kg/d (14 to 16 kcal/cm/d) for the
following two weeks [14]. Throughout the study
period, the formula covered 100% of the fluid,
energy, protein and other nutrient requirements,
and no other foods were offered. Beginning on
the sixth day, elemental iron was added at a
dose of 3 mg/kg/d.

The sample size of children with CP was
described in a previous publication [15] in which
a confidence level of 95% was estimated and a
power of 0.8 was determined according to the
average and variance of a medium upper arm
circumference (MUAC) study by Stallings et al.
[16]. Patients were included if they had moderate
or severe acute undernutrition according to the
weight/height index (W/H) of the Waterlow
classification [17] in addition to two or more of
the following criteria: triceps skinfold (TSF),
subscapular skinfold (SSF), MUAC and/or body
mass index (BMI) below -2 SD [18]. All patients
with CP had been confined to a wheelchair and
were totally dependent on their parents or legal
caregivers to meet their daily needs, belonged to
group V of the Gross Motor Function
Classification System [19] and were evaluated by
a pediatric neurologist who was in charge of the
development of children during the intervention
study. Most of the children were receiving at
least two of the following anticonvulsants:

phenobarbital,  valproic  acid, phenytoin,
lamotrigine, topiramate, carbamazepine and
clonazepam.

Children who had hereditary disorders, heart
disease, hypothyroidism, or any other condition
not related to cerebral palsy as well as CP of a
postnatal origin as well as subjects with comorbid
diagnoses (Down syndrome, autism,
degenerative disorders and kidney disease) were
not included. Two cases were excluded: one
because of inaccurate data and the other due to
excessive secretions that prevented the
adjustment of fluids and energy. Anthropometric
measurements were performed at baseline and
at 30 days of the study period.

Second study: In a cross sectional study, 57
healthy subjects (31 females and 26 males) were
evaluated, and their age ranged from 7 to 10
years (similar to children with CP). The sample
was obtained from two private elementary
schools in the city of Guadalajara. Informed

consent of the parents or legal caregivers of all
children was obtained. The study was approved
by the ethics committee of the Dr. Juan I.
Menchaca Civil Hospital.

2.1 Anthropometry

Anthropometric measurements included weight,
height (for children with CP, this was estimated
by segmental length, and for healthy children by
standing height), and alternative measures to
height, including knee height, lower-leg length
and upper-arm length. The weight of children
with CP was taken with a minimum of clothes
and a clean diaper. A SECA® scale (model 700,
Hamburg, Germany) with a 50-g precision
graduation was used. For the first weight, the
child was weighed in the arms of his father or
legal caregiver, then only the parent or legal
person was weighed, and finally, the difference
of the two weights was obtained [20]. In healthy
children, the weight was obtained with a Tanita
scale model UMO061 (Tokyo, Japan) with the child
standing without shoes or socks. The height in
children with CP was estimated with the child in
the supine position through segmental body
length, for which three measurements were
performed: the first from the crown to the junction
of the femur with the ilium, the second from that
junction to the upper border of the patella, and
the third from the kneecap to the lower edge of
the heel [21]. Measurements were performed
with a steel tape. Knee height, lower-leg length
and upper-arm length in both groups were
performed according to the methods described
[5]. Lower-leg length (LLL) was obtained with a
tape (Seca 206, Hamburg, Germany); it was
measured from the line of the inner knee joint to
the lower border of the malleolus of the tibia at
an angle of 90% knee height (KH) and upper-arm
length (UAL) were obtained with a segmometer
(Rosscraft SRL, Buenos Aires, Argentina). KH
measurement was performed with the knee
flexed to 90° in a straight line with the heel. It
was measured from the proximal end of the
patella to the bottom of the heel; UAL was
measured with the arm relaxed at the side of the
trunk. It was measured from the lateral edge of
the acromion to the radial head. To estimate the
knee height and upper-arm length, a
segmometer (Rosscraft SRL, Buenos Aires,
Argentina) was used, and for lower-leg length, a
metal tape measure was used. For healthy
children, height was measured with a SECA
stadiometer (model 214); this measurement was
performed with the subject standing without
shoes with heels together and toes slightly apart,
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back as straight as possible, and heels, buttocks,
shoulders and head touching the vertical surface
of the stadiometer. The head remained in the
Frankfurt plane. The arms of the subject hung
freely at his/her sides with palms facing the
thighs. The observer requested that the
individual inhale deeply as the mobile part
descended to touch the subject's head. BMI and
height for age indexes were converted to Z
scores and were compared with the WHO
reference pattern [22]. All measurements were

performed by two observers previously
standardized.

2.2 Statistical Analysis

Student's t test was used for independent

samples, and the Mann Whitney U test was used
for comparing the anthropometric variables of the
CP group vs. the group of healthy children and
for comparing the same data among healthy
males and females. ANOVA was performed to
compare the anthropometric indexes among the
group of children with CP. We performed
Student’s t test for related data and the Wilcoxon
test for comparisons among alternative
measures of growth by groups. Wilcoxon test
was also used for height comparisons with
alternative measures in the group of healthy
children by sex.

Pearson correlation coefficients between height
and alternative measures in the group of children
with CP and healthy children were estimated.
SPSS version 20 (SPSS Inc., Chicago, IL, USA)
was used for the statistical analyses.

2.3 Ethical Considerations

Adequate information was given to parents about
the importance of this interventional study, and
after informed consent was signed, authorization
was given to include each child in the study. The
study complied with the principles of the
Declaration of Helsinki adopted by the 18" world
Medical Assembly, Helsinki, 1964; amended b
the 29" World Medical Assembly, 1975, the 35'
World Medical Assembly, 1983, and the 41%
World Medical Assembly, 1989. The protocol
used was approved by the Bioethics Committee
of Guadalajara’s Civil Hospital with number
1028/10.

3. RESULTS

Thirteen children with CP and 57 healthy children
were evaluated. The comparison of age, weight,

standing height and height estimated by
alternative measures did not differ between
healthy girls and boys. The top part of Table 1
shows anthropometric data and alternative
measures for children with CP at baseline,
children with CP at 30 days and healthy children.
Significant differences in weight, height and
height estimated by alternative measures (p <
0.001) among children with CP (30 days) and
healthy children were observed. The lower part
of the table shows that in healthy children, there
was a significant difference between standing
height and height based on the UAL (p < 0.001),
whereas the KH and LLL were similar to the
standing height. It also highlights the significant
differences between alternative measures
obtained at baseline and 30 days in children with
CP.

Table 2 shows (in two parts) the Pearson
correlation coefficients. The top part shows that
the correlation between height measured by
segments (children with CP) or standing height
(healthy children) and height estimated by
alternative measures is better in children with CP
at baseline and at 30 days than in healthy
children. The lower part shows the correlations
among the alternative measures in children with
CP and among the alternative measures in
healthy children. It was also observed that the
correlations between the heights estimated by
alternative measures were better in children with
CP at baseline and at 30 days than in healthy
children.

The top part of Table 3 shows the differences
between the height obtained with the stadiometer
and the height obtained by alternative measures
in healthy boys and girls. In the lower part of the
table, the differences between alternative
measurements in healthy boys and girls are
shown.

Table 4 shows the BMI (kg/m2 and Z) and
height/age index according to the height
estimated by alternative measures in children
with CP (at 30 days) and in healthy children
(standing height). Significant differences in BMI
obtained by different alternative measurements
of height in children with CP were observed,
significant differences were also observed by
comparing the BMI estimated by each of the
heights obtained with alternative measures in
children with CP vs. the BMI obtained with
standing height in healthy children (p < 0.001).
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y alternative measures in healthy children and chil

dren with CP Mean (SD)

Variable

Children with CP
(baseline) n =13

Children with CP
(30 days)* n =13

Healthy chi Idren
N =57

Children with CP (30 days)
Vs. healthy children p**

Age (years, months)

Weight (kg)

Height (cm) **

Height estimated by KH (cm)

Height estimated by LLL (cm)

Height estimated by UAL (cm)

Height estimated by (KH+LLL)/2 (cm)

Height estimated by (KH+LLL+UAL)/3 (cm)
Height™* vs.

Height by KH

Height by LLL

Height by UAL

Height by (KH + LLL)/2

Height by (KH + LLL + UAL)/3

Height by KH vs. Height by LLL

Height by KH vs. Height by UAL

Height by LLL vs. Height by UAL

Height by KH vs. Height by (KH+LLL)/2
Height by LLL vs. Height by (KH+LLL)/2
Height by UAL vs. Height by (KH+LLL)/2
Height by KH vs. Height by (KH+LLL+UAL)/3
Height by LLL vs. Height by (KH+LLL+UAL)/3
Height by UAL vs. Height by (KH+LLL+UAL)/3

Height by (KH+LLL)/2 vs. Height by (KH+LLL+UAL)/3

9.8 (2.2)
11.9 (2.3)
110.5 (12.3)
105.3 (10.9)
107.0 (12.5)
113.3 (13.3)
106.2 (11.6)
108.5 (11.9)
p***

0.003

0.096

0.021

0.021

0.248

0.080
<0.001
0.005

0.080

0.080
<0.001
<0.001
0.105
<0.001

< 0.001

9.9 (2.3)
14.6 (2.6)
112.8 (13.2)
105.9 (10.1)
107.9 (12)
114.0 (14.4)
106.9 (10.9)
109.3 (11.6)
p***

0.005

0.016

0.233

0.012

0.042

0.055

0.002

0.048

0.055

0.055

0.008

< 0.001
0.216

0.008

0.008

8.7 (0.8)
30.5 (5.7)
132.2 (6.9)
132.2 (7.4)
131.3 (9.9)
136.5 (8.3)
131.74 (7.9)
133.3(7.1)
p***

1.000
0.609
<0.001
0.399
0.012
0.531

< 0.001
<0.001
0.531
0.531

< 0.001
0.007
0.006
<0.001

< 0.001

0.155

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

* After 30 days of nutritional recovery. ** Mann-Whitney. *** Wilcoxon. + Height by segmental length (children with CP) (n = 12); # Height by standing height (healthy children).
KH: knee height; LLL: Lower-leg length; UAL: Upper-arm length. Weight in children with CP (baseline vs. 30 d), p < 0.001. Height in children with CP (baseline vs. 30 d), p =

0.003
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Table 2. Correlation between height and the height estimated by alternative measures in
healthy children and children with CP

Indicator Healthy Children with CP
children (n=13)
(n=57)  Baseline 30 days
re r* r*
Height * %/
Height by KH 0.883 0.947 0.912
Height by LLL 0.668 0.880 0.874
Height by UAL 0.587 0.949 0.935
Height by (KH+LLL)/2 0.830 0.917 0.846
Height by (KH+LLL+UAL)/3 0.844 0.944 0.943
Height by KH/ Height by LLL 0.666 0.962 0.973
Height by KH/ Height by UAL 0.530 0.950 0.852
Height by LLL/ Height by UAL 0.430 0.887 0.829
Height by KH/ Height by (KH+LLL)/2 0.844 0.989 0.992
Height by KH/ Height by (KH+LLL+UAL)/3 0.863 0.992 0.973
Height by LLL/ Height by (KH+LLL)/2 0.937 0.992 0.994
Height by LLL/ Height by (KH+LLL+UAL)/3 0.863 0.971 0.965
Height by UAL/ Height by (KH+LLL)/2 0.517 0.925 0.845
Height by UAL/ Height by (KH+LLL+UAL)/3 0.772 0.969 0.942
Height by (KH+LLL)/2/ Height by (KH+LLL+UAL)/3 0.943 0.990 0.975

KH: knee height; LLL: Lower-leg length; UAL: Upper-arm length. + Height by segmental length in children with
CP (n = 12); # Standing height in healthy children. * Pearson. In all cases p < 0.001

Table 3. Comparison between standing height and the height estimated by alternative
measures in healthy boys and girls

Variable Females Males
N=31 N =26
p* p*
Height” vs.
Height by KH 0.339 0.263
Height by LLL 0.217 0.083
Height by UAL 0.002 0.002
Height by (KH+LLL)/2 0.617 0.148
Height by (KH+LLL+UAL)/3 0.061 0.269
Height by KH vs. Height by LLL 0.074 0.010
Height by KH vs. Height by UAL 0.004 0.008
Height by LLL vs. Height by UAL 0.158 <0.001
Height by KH vs. Height by (KH+LLL)/2 0.074 0.010
Height by LLL vs. Height by (KH+LLL)/2 0.074 0.010
Height by UAL vs Height by (KH+LLL)/2 0.019 <0.001
Height by KH vs Height by (KH+LLL+UAL)/3 0.005 0.775
Height by LLL vs. Height by (KH+LLL+UAL)/3 0.896 <0.001
Height by UAL vs. Height by (KH+LLL+UAL)/3 0.019 <0.001
Height by (KH+LLL)/2 vs. Height by (KH+LLL+UAL)/3 0.019 <0.001

KH: knee height; LLL: Lower-leg length; UAL: Upper-arm length. * Wilcoxon; # standing height
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Table 4. BMI and height/age in children with CP (n = 13, at 30 days *) and healthy children (n =57) & . Mean (SD)

Index CP Children CP Children CP Children CP Children CP Children ANOVA Healthy Estimated
Estimated Estimated Estimated Estimated Estimated Among children height in CP vs.
height by height by LLL height by UAL  height by (KH +  height by (KH estimated height in healthy
KH LLL)/2 +LLL + UAL)/3  heights children

p p+

BMI (kg/m®) 13.0 (1.3) 12.56 (1.58) 11.36 (1.38) 12.78 (1.45) 12.22 (1.19) 0.034 17.41 (2.35) <0.001

BMI (2) -1.62 (0.59)  -1.78 (0.80) -2.34 (0.57) -1.72 (0.67) -1.95 (0.55) 0.049 0.78 (1.27)  <0.001

Height/age (Z) -5.04 (1.72)  -4.75 (1.75) -3.74 (2.28) -4.89 (1.72) -4.50 (1.84) 0.428 0.29 (0.85) < 0.001

* After 30 days of nutritional recovery. & WHO, 2007; KH: knee height; LLL: Lower-leg length; UAL: Upper-arm length; BMI: body mass index; + Student’s T- test for each of
the estimated CP heights vs. height in healthy children.

Student’s T-test: BMI (kg/m?), BMI (Z), H/A (Z): KH vs. LLL, p = 0.053, 0.139, 0.063, respectively; KH vs. UAL, p = 0.003, 0.002, 0.002, respectively; KH vs. (KH + LLL)/2, p =
0.065, 0.127, 0.061, respectively; KH vs. (KH +LLL + UAL)/3, p = 0.001, < 0.001, 0.001, respectively; LLL vs. UAL, p = 0.029, 0.033, 0.016, respectively; LLL vs. (KH + LLL)/2,
p =0.045, 0.195, 0.059, respectively; LLL vs. (KH + LLL + UAL)/3, p = 0.126, 0.133, 0.105, respectively; UAL vs. (KH + LLL)/2, p =0.010, 0.011, 0.005, respectively; UAL vs.
(KH + LLL + UAL)/3, p =0.012, 0.012, 0.006, respectively
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4. DISCUSSION

To our knowledge, this is the first study in Mexico
that demonstrates the utility of Stevenson’s
equations to assess height in children with CP
and healthy children. One sample consisted of
children with CP, in particular, those with spastic
quadriplegia and moderate or severe
undernutrition. Our data are consistent with
previous results on the usefulness of lower-leg
length (LLL) [5] and knee height (KH) [1,5,6,23]
as reliable alternative measures to estimate
height in children with CP. The other sample
consisted of healthy children, where the best
alternative measurement of height was KH, as
this and standing height were identical. There
were significant differences in estimating the
height by upper arm length (UAL) (p < 0.001)
and by the average of the three alternative
measures [(KH + LLL + UAL)/3] (p = 0.012).
When comparing alternative measures to each
other, in children with CP at baseline and at 30
days and in the group of healthy children, there
were significant differences between the
estimated heights by UAL vs. the estimated
height by the other alternative measures. These
differences were due to the height obtained with
UAL, which was higher than that of the others.
There was a significant difference in the height
estimated by the average of the three alternative
measures [(KH + LLL + UAL)/3] and the height
estimated by each of the alternative measures
(KH, LLL, UAL) in healthy children. It has been
reported that the inter-observer measurement
error is greater with UAL than with LLL (6 mm vs.
4.9 mm). This finding might indicate that the
measurement of UAL is more difficult to
accomplish in children with CP [4].

The equations of Stevenson et al. [5] were
applied in 172 American children with different
types of CP, 31% with diplegia or hemiplegia and
52% with non-ambulatory CP. The correlation
coefficients obtained were very good between
height (estimated at supine or standing position
when the subject did not show contractures or
scoliosis) and KH (r = 0.98), height and LLL (r =
0.97) and also between height and UAL (r =
0.97). Using Stevenson’s equations, Amezquita
et al [6] evaluated a population of Chilean
children with CP and reported very good
correlation coefficients between height
(estimated in the supine or standing position)
and LLL (r = 0.975) and between height and KH
(r=0.981).

A suitable index to assess linear growth in
children with CP is the H/A index. In our study,

we observed that the H/A index significantly
differed when the height obtained by UAL was
compared with the index obtained with the other
alternative measures (LLL, KH). The H/A index
obtained by the average of the estimated three
alternative measures [(KH + LLL + UAL)/3)]
showed significant differences when it was
compared with each of the indexes obtained with
the estimated height by alternative measures
separately, except LLL. We therefore
recommend that the H/A index could be correctly
estimated in children with CP with the height
obtained by the alternative measures KH, LLL or
the average of these measures.

In healthy children, when height cannot be
assessed by conventional methods (standing
height), for example, in postsurgical or bedridden
children or in children who have undergone
trauma, the most reliable and useful alternative
measurement to estimate height is KH, but LLL
and [(KH + LLL)/2] are also useful. We
discourage the use of UAL and [(KH + LLL +
UAL)/3] to estimate the height and
anthropometric indexes in children with CP and
healthy children because it had the biggest
differences and less correlation with the other
alternative measures of height.

It is recommended that BMI be assessed
carefully in children with CP because height
squared can boost the index error [24,25]. In our
study, we found that when estimating the BMI (Z
and kg/m?) with height by UAL, there were
significant differences when comparing BMI with
the BMI estimated by the other alternative
measures. Because UAL is the measurement
that overestimated height in most cases, we
believe that this measurement is not suitable
when estimating BMI. When BMI was obtained
with the average of the three alternative
measures [(KH + LLL + UAL)/3)], significant
differences were observed when it was
compared with the BMI estimated by KH, UAL
and [(KH + LLL)/2)], so we recommend caution
with its use. We believe that the alternative
measures that more adequately estimate the BMI
in children with CP are KH, LLL and [(KH +
LLL)/2)].

5. CONCLUSION

In conclusion, this study demonstrated that the
alternative measurement KH is the measurement
of choice for estimating the height of children
with CP with spastic quadriplegia; but, when a
segmometer is not available, the alternative
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measurement of height LLL is a reliable
measurement for these children. We would
speculate from our results, that the measurement
of height by UAL is no completely accurate,
maybe related to the equations or different
velocity of growth, due to different situation of
mobility of the upper and lower extremities.
Furthermore, it is interesting that apparently,
height by UAL was less precise for CP children
as well as for healthy children. In children without
CP with another disease or who are in a situation
of immobility due to the severity of their clinical
status, alternative measures of height, such as
KH or LLL, are useful measures for estimating
height and therefore for estimating the indexes of
height/age and BMI.
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