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A B S T R A C T

Gestational age is a critical factor in the management, decision-making, prognostication and follow-
up of newborn infants. It is also essential for research and epidemiology. In the absence of an early
assessment of fetal gestation by abdominal ultrasound, many neonatal units in developing countries
determine gestational age by neonatal scores and last menstrual period—both of which are highly
inaccurate. The aim of this pilot study was to determine whether postnatal foot length measurement
could accurately determine gestational age in a specified South African hospitalized neonatal popula-
tion. Foot length was measured with a plastic Verniere’s caliper. Foot length was shown to correlate
well with gestational age (r¼ 0.919, p< 0.001). Intra-observer and inter-observer variability of foot
length measurements was low. Foot length can therefore be used with high accuracy to determine
the gestational age in a population where there is poor access to or utilization of antenatal sonar.

K E Y W O R D S : postnatal foot length, gestational age.

I N T R O D U C T I O N
Gestational age (GA) is a critical factor in the man-
agement, decision-making, prognostication and fol-
low-up of newborn infants, especially preterm infants.
An accurate GA is also essential with regard to re-
search and epidemiology [1]. The misclassification of
infants as term, preterm and post-term can lead to the
inaccurate description of neonatal growth and jeop-
ardize statistical analyses [2], thereby reducing im-
portant outcomes to mere observed associations or
artifacts [3]. In the absence of an early assessment of
fetal gestation by abdominal ultrasound, many neo-
natal units in developing countries determine GA by
the neurological and physical characteristics of the in-
fant. The search for an accurate method of GA esti-
mation remains an important goal.

GA can be estimated from the last menstrual
period (LMP), antenatal ultrasound or neonatal esti-
mates. LMP dating is a simple and low-cost method,
but assumes the menstrual cycle to be 28 days and
does not take into consideration any delay of ovula-
tion and may cause an inaccuracy of 1–4 weeks [4].
Ultrasound-based dating, if performed early in preg-
nancy (<20–22 weeks GA), is considered the gold
standard, with random errors of 610 days [5].
Values are based on age-specific reference values but
may be biased when symmetrically large or small
fetuses are evaluated. Neonatal estimates of GA,
including the Ballard [19] (12 clinical factors) and
Dubowitz (22 clinical factors) scores, are standar-
dized postnatal scoring systems based on a variety of
physical and neurological maturity factors. They are
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time-consuming and have been shown to be highly in-
accurate, overestimating GA by 1.3–11.9 weeks [24].

Foot length has been used in antenatal ultrasound
examinations as an alternative marker for GA when
other markers are unreliable, e.g. in the presence of
hydrocephalus, anencephaly and limb dysplasia [7].
Streeter [8] first analyzed foot length as a determin-
ant of GA in 1920, and his data have been revali-
dated in numerous antenatal [2, 9–11] and postnatal
[12–15] studies (Table 1). Streeter’s study popula-
tion comprised postmortem specimens already fix-
ated in formalin, which may have affected foot
lengths. Ultrasound-determined foot length remains
operator dependant, and only one study determined
the correlation between antenatal and postnatal foot
length measurements [6].

In the World Health Organization’s 2012 ‘Born
too soon’, it was stated that ‘simplified approaches to
identify preterm babies such as foot size’ were
required for the early identification and management
of preterm babies. There is, however, no single
standardized foot length chart available to determine
GA, especially not for a population as diverse as
found in South Africa.

A I M
The aim of this pilot study was to determine whether
postnatal foot length measurement, compared with
an existing model, accurately determined GA in a
specified South African hospitalized neonatal
population.

M E T H O D
Infants admitted to Tygerberg Children’s Hospital
neonatal units were prospectively enrolled in a larger
study group between 2009 and 2010. Entry criteria
for the larger study were infants that developed re-
spiratory distress and required a chest X-ray in the
first 48 h of life as part of their routine care. Infants
were excluded from the study if there were indica-
tions of antenatal or postnatal structural chest
deformities, limb deformities, assumed or confirmed
genetic abnormalities, a neuromuscular condition or
a congenital infection.

From the larger study population, a group of in-
fants who had an early antenatal ultrasound, per-
formed before 23 weeks of gestation (Western Cape

Province Policy [17]), were enrolled. To ensure a
uniform patient group, only appropriate-for-
gestational-age (AGA) infants were selected for ana-
lysis. The Fenton growth chart [18] for infants was
used to determine growth appropriateness. Small-
for-gestational-age (SGA) infants (defined as weight
<10th percentile for the GA according to the ante-
natal ultrasound) or large-for-gestational-age (LGA)
infants (weight >90th centile for GA as determined
by the antenatal ultrasound) were excluded, as were
twins and triplets.

Foot lengths were measured using a plastic
Verniere’s sliding caliper within the first 24 h of life
(Fig. 1). The infant’s foot was measured from the
midpoint of the heel to the longest toe, ensuring that
no pressure was exerted on the soft tissue. The foot
was placed in a lateral position while the ankle was
held and a finger placed on the foot dorsum so as
not to elicit a grasp reflex, which would shorten the
measurement. Measurements were performed by the
researchers only (L.V.W., J.S.) to ensure a consistent
measurement technique. Both feet were measured.
GA was noted from the obstetric admission notes—
GA as calculated by the last menstrual age (GALMP)
and early ultrasound (GAUS) was noted. A Ballard
score [18] (GAB) was also performed within the first
24 h of life.

Ethical approval for the larger study was obtained
from the University of Stellenbosch, Human
Research committee (IRB 0005239, N10/07/219).

Statistical analysis was performed using NTSS.
Numerical data were presented as the mean, stand-
ard deviation, percentages and 95% confidence inter-
vals (95% CIs). Student’s independent t-test, the
paired t-test, Pearson’s correlation coefficient and
least square regression were used to compare
measurements.

R E S U L T S
From the larger study group, 200 infants (31.1%)
had early antenatal ultrasounds available for analysis.
The following infants were excluded:

• 15 (7.5%) on clinical grounds—
myelomeningocele, short humerus and
femurs noted on antenatal ultrasound,
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congenital cardiac anomaly, nonspecific con-
genital abnormalities;

• 34 (17%) were classified as SGA;
• 2 (1%) were classified as LGA;
• 64 (32%) were multiple pregnancy infants

of which 27 (42.1%) were SGA and 3
(4.6%) were LGA.

Eighty-five infants were AGA and were available
for analysis (Table 2).

Inter-observer (L.V.W. and J.S.) correlation of
foot length measurement was high (r¼ 0.984,
r2¼ 0.969). Intra-observer (L.V.W.) correlation of
foot length measurement was high (r¼ 0.993,
r2¼ 0.987). Right and left foot length correlation co-
efficient was high (r¼ 0.968).

The male : female ratio of the study population
was 47 : 38. The majority of the infants were of
mixed ethnic origin (65.9%) and African origin
(33.9%). There were no Caucasian or Asian infants
in the study group. Ethnicity had no statistically sig-
nificant effect on foot length (p¼ 0.961).

There was significant correlation between foot
length and GA (r¼ 0.887), birth weight (r¼ 0.920),
length (r¼ 0.906) and head circumference
(r¼ 0.903).

GA model construction
Existing foot length-derived GA models were identi-
fied from the literature [6–11, 20]. Studies wereT
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Fig. 1. Verniere’s caliper to measure neonatal foot length.
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excluded because of clear ethnic differences [9] from
the Tygerberg population, no available data for >37
weeks of GA [20] and incomplete data for <28
weeks of GA [11]. The median foot lengths were
available in all models and were used for comparison
with the Tygerberg study group. Least square regres-
sion showed that the Merz model [10] most closely
resembled the Tygerberg data (r¼ 0.9611) (Fig. 2).

A modified Merz model (Table 3) was then used
to determine the gestational age (GAFL) of the study
infants and compare with the gestational age as
determined by Ballard (GAB), LMP (GALMP) and
antenatal ultrasound (GAUS). Gestational age, as
determined by early ultrasound (GAUS), was taken
as the gold standard.

t-tests showed that GALMP was the least accurate
when compared with GAUS (p¼ 0.0004, 95% CI
0.233; 0.743). GAB caused a severe underestimation
of GA (p¼ 0.005, 95% CI �0.854; �0.157) when
compared with GAUS. GAFL was more accurate than
the GAB or GALMP (p¼ 0.05, 95% CI �0.0005;
0.871).

D I S C U S S I O N
In this study, foot length-derived GA was found to
be more accurate than LMP or Ballard-determined
GA. In a comparison of GA determination methods
in a low-resource setting [21], it was found that the
Ballard score underestimated the GA, while the
Dubowitz score overestimated the GA in a preterm
infant population in Bangladesh. The clinical use of
these neonatal scores is compromised by the need
for sufficient training and clinical skills needed by the
health care workers to accurately apply these scores.
Foot length measurement with the Verniere’s caliper
requires minimal training, is faster and can therefore
be used by all levels of medical personnel. In contrast
to the neonatal scores, foot length measurements
also cause minimal disturbance to the infant.

In this study, only one-third of mothers had ac-
curate pregnancy dating with antenatal ultrasound
before 23 of weeks gestation. In an Indian study
[20], it was found that antenatal ultrasound was
available for 10–70% of women. In a South African
study [22], it was shown that ultrasound rates before

Table 2. Study population characteristics

GA n Foot length Birth weight Head circumference Length
mm g cm cm

Weeks 85 Mean 6 SD Mean 6 SD Mean 6 SD Mean 6 SD

24 1 50 840 24 34
25 0
26 3 48.3 6 3.05 856.6 6 136.5 24.6 6 0.57 33.3 6 1.52
27 2 45.5 6 0.70 739.5 6 84.14 24.5 6 0.70 32.5 6 2.12
28 14 53.2 6 2.75 1029.57 6 189.09 26.07 6 1.29 36 6 2.39
29 7 56.8 6 4.78 1192.8 6 244.11 27 6 1.38 37.5 6 1.94
30 6 59 6 6.78 1323.3 6 347.31 27.5 6 2.1 38 6 3.6
31 7 61.4 6 1.99 1491.4 6 149.6 28.3 6 1.15 39.6 6 2.93
32 9 62.2 6 6.32 1668.9 6 254.43 29.5 6 1.1 41.7 6 5.08
33 5 68.0 6 4.24 2032.0 6 227.09 30.6 6 2.04 44.8 6 1.64
34 6 64.8 6 2.23 1845.0 6 139.53 31.2 6 0.99 42.1 6 3.13
35 4 66.0 6 7.53 2181.0 6 632.92 31.5 6 2.07 45.1 6 2.66
36 2 71 6 7.07 2290 6 296.98 32.5 6 0.70 42.5 6 0.70
37 4 72.5 6 2.36 3266.7 6 269.13 34.2 6 1.26 48.7 6 4.03
38 5 75.0 6 4.79 3468.4 6 714.72 33.9 6 0.89 49.7 6 5.11
39 4 75.2 6 2.21 3007.7 6 386.58 34 6 1.41 49 6 2.16
40 3 80.0 6 4.0 3293.3 6 340.78 34.7 6 1.53 50.8 6 3.25
41 2 76 6 0 3610 6 183.85 34.7 6 1.06 53.5 6 2.12
42 1 75 3480 35 56
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18 weeks were low (37.3%) and only slightly better
when performed at 24 weeks of gestation (65.1%).

Foot length was shown to correlate well with GA,
birth weight, length and head circumference in the
present study. It was shown not to be influenced by
sex or race.

A commercially available plastic sliding Verniere’s
caliper was used in this study. Different measure-
ment techniques have been used to measure the
fetal/infant foot (sonar [2, 4–6], calipers [3, 8], foot-
prints [10] or specifically designed instruments [9]),
thereby not allowing a single method of measure-
ment to stand out as the ideal. This study showed a
high degree of inter- and intra-observer agreement,
making this method of measurement easy to apply
and rapid to perform.

Foot length has also been used to identify very
low birth weight (VLBW) babies and was able to de-
crease the mortality rate in Tanzania [23] by ena-
bling the identification of at-risk infants. The study
used foot lengths of <7 cm and <8 cm to identify

VLBW and low birth weight (LBW)/preterm in-
fants, respectively. The sensitivity of foot length was
75%, 87% and 93% for VLBW, LBW and prematur-
ity, respectively. Specificity was 99%, 60% and 58%,
respectively. Positive predictive values were low
(43%), but negative predictive values were high
(96% for LBW and 99% for VLBW). Foot length
measurement therefore is a simple, acceptable and
inexpensive screening tool to improve neonatal care.

LMP and ultrasound comparisons [21] of GA de-
termination have shown ethnical discrepancies, with
more non-Caucasians being falsely identified as pre-
term. The effect of ethnicity on foot length also
varies in published literature. Muskhar et al. [5] sug-
gested that there was a relationship between race
and foot length. Their study population’s (mostly
Indian) foot lengths were consistently 1 cm less than
the data previously published by Streeter. The au-
thors determined that this was because of the lower
birth weight of their population. Munsnick et al.
[25], however, found no ethnical differences.

Fig. 2. Comparison of Tygerberg’s foot length data with existing foot length models.
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Previous studies have shown a 4–8% difference in
foot lengths in SGA infants [7]. In this present study,
one-third of the infants were SGA, with the known
range for the study population varying from 12.1%
[20] to 42% [25]. The effects of fetal growth can be
expected to affect foot length measurements, as foot
measurements incorporate bone and soft tissue. Soft
tissue stores of subcutaneous fat are decreased in
SGA infants and may be increased in LGA infants
[26]. This may affect the accuracy of foot length
measurements in these populations.

Genetic and anatomical abnormal infants were
excluded from this study. Sherwood et al. [27]
showed that foot length estimations caused a bias of
2–3 weeks in GA in various genetic and chromo-
somal abnormalities (trisomy 18 and 21, Turner syn-
drome, anencephaly, spina bifida and renal agenesis)

We acknowledge various weaknesses of this study.
There is a lack of ethnical representivity, and a larger
study is required to determine if the Merz model is
applicable to areas where more Indian and Caucasian
infants are prominent. This study’s sample size pre-
cluded further analyses to define the effect of

antenatal steroids, multiple pregnancies and SGA/
LGA on foot length. Training for foot length meas-
urements was not undertaken, and further research is
required to determine the applicability of this meas-
urement in areas with less-skilled medical staff.

Despite the weaknesses of the study, there are ob-
vious advantages. The method of measurement is
easy to teach and uses a cheap and easily acquired
piece of equipment, making it applicable for a low-re-
source setting. It can be easily inserted through incu-
bator port holes, thereby requiring less manipulation
and causing less distress to premature or ill infants.
The method is easy to perform with a low inter-ob-
server variability.

C O N C L U S I O N
Foot length can be used with high accuracy to deter-
mine the GA in a population where there is poor ac-
cess to or utilization of antenatal sonar. A larger
cross-sectional study is required to facilitate the
building of a South African foot length model and to
confirm this pilot study.
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