
ORIGINAL ARTICLE
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Background: Current recommendations for obtaining blood from neonates advise avoidance of the
midline area of the heel and are based on postmortem studies.
Objective: Because of the potential pain and tissue damage from repeated heel pricking in the same area,
to investigate using ultrasonography whether the distance from skin to calcaneus is less at the midline than
at the borders.
Methods: One hundred consecutive healthy preterm and 105 consecutive healthy term neonates were
studied 48–72 hours after delivery. The skin to perichondrium distance (SPD) was measured on two
occasions by ultrasound at the external, midline, and internal areas of the heel.
Findings: Mean SPD was 0.2 mm less at the midline than at the other sites. The proportion of
measurements ,3 mm at any of the three sites was the same. Depth was ,3 mm in less than 3% of the
term and ,20% of the preterm infants. The SPD correlated only with gestational age. Of children
,33 weeks gestational age, 38% had an SPD ,3 mm compared with 8% of older preterm infants. The
proportions of preterm infants of >33 weeks gestation and term infants with an SPD ,3 mm were similar
(8% v 3%).
Interpretation: With the use of automated lancets of 2.2 mm length or less, the whole heel plantar surface
is safe for obtaining blood in term and preterm infants of >33 weeks gestation. This means that soft tissue
damage and pain from repeated pricking in the same area can be reduced.

I
n recent decades we have become increasingly aware of the
fact that neonates experience pain and the importance of
minimising this where possible. Blood sampling from the

heel is the most common invasive procedure performed on
newborn infants.1 2 However, although venepuncture has
been shown to be a less painful method for obtaining blood
from neonates,3 guidelines for newborn screening pro-
grammes uniformly recommend heel prick.4 Moreover, this
is likely to remain the case as the method is more feasible for
mass screening, as it is quicker and easier to master and is
relatively safe in less skilled hands.5

Some early reports described problems with heel lancing,
mainly the occurrence of calcaneus osteomyelitis.6–13 In 1979
Blumenfeld et al reported that the midline of the heel was not
a safe site to puncture with a lancet.14 His study was based on
postmortem examinations and is the main evidence support-
ing current recommendations for heel prick guidelines which
universally recommend using the internal and external sides
and avoiding the midline area of the heel surface.
The restrictions for heel pricking implemented in response

to the paper of Blumenfeld et al helped clinicians feel more
secure when performing this procedure. However, it also has
the consequence that, particularly in sick neonates who may
require multiple blood samples, repeated punctures are
concentrated in a small area increasing the risk of soft tissue
damage, pain, necrosis, and infection.
Over the last decades, cases of reported calcaneus

osteomyelitis have diminished. Although this may be
attributable to the modification of heel pricking procedures
since the research of Blumenfeld et al,14 it may also simply be
due to the introduction of automated lancets. In contrast
with traditional lancets, automated lancets do not require
pressure to be exerted on the skin and thereby avoid reducing
the skin to perichondrium distance.
In the light of the introduction of automated lancets and

the potential pain and problems for neonates who require
repeated samples from a restricted area from which to take
obtain samples, we felt it important to re-evaluate the

findings of Blumenfeld et al, using modern imaging
techniques in an in vivo study.
Ultrasonic heel pad measurement has been shown to be an

adequate technique in adults.15 Its use in neonates to
measure the skin to perichondrium distance (SPD) has also
been reported.16 We therefore conducted an ultrasonographic
study in live healthy newborn term and preterm infants to
assess the distance between the skin and perichondrium, and
hence the safety of heel prick in different parts of the plantar
surface of the heel.

METHODS
Study design
The protocol of this descriptive study with repeated measure-
ments was approved by the local research ethics committee.

Setting
A tertiary hospital, serving a population of nearly 700 000
inhabitants.

Patients
Two samples of newborn infants were recruited: 105
consecutive healthy term infants; 100 healthy preterm
infants. All were studied 48–72 hours after birth.

Depth measurements
SPD was measured in three areas: a midline point and the
currently recommended sites external and internal to the
expected limits of the calcaneus (fig 1).
Depth was measured with an ultrasonographic device

(Aloka ssd 680) with a 7.5 MHz transducer. The electronic
calliper was placed on the skin at the most superficial surface
of the calcaneus, the perichondrium. For every child, images
of the coronal and sagittal planes were obtained to assess the
minimum distance between the skin and the perichondrium.
Coronal plane measures were obtained at 0 ,̊ 245 ,̊ and 45˚
because the calcaneus of the newborn, in coronal view, is
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spheroid and its external convex surface is an arc running
parallel to the cutaneous plantar arc (fig 2).
Measurements were performed by one person (AN). They

were repeated within 24 hours, without reference to the
previous measure, to assess intraobserver reliability.17

The true SPD was taken as the arithmetic mean of the two
measures.

Data collection
Data were recorded on a specially designed sheet, containing
the following variables: gestational age, birth weight, sex,
current weight, and labour presentation. Data were later
transferred to a computer.

Statistical analysis
Variables were summarised using the mean (SD) for
continuous variables, and frequencies and percentages for
categorical ones. Intraobserver reliability was assessed using
the Bland-Altman graphical method. Repeated measures
analysis of variance was used to analyse differences in the
three areas considered (internal, external, and midline). The
influence of variables on SPD was assessed by linear
regression analysis. Proportions were compared using the
Fisher exact test. Statistical analysis was performed with
SYSTAT 9.0 (SPSS Inc, Chicago, Illinois, USA).

RESULTS
Table 1 shows the newborn characteristics.
Intraobserver reliability analysis showed excellent agree-

ment between measurements. SPDs were almost identical
between the first and second measurement for the three

sites considered (table 2). The same was true for preterm
and term newborn measured separately (data not shown).
Bland and Altman plots (fig 3) show that the spread of
the measurements was acceptable throughout the whole
range.

Figure 2 Coronal plane.
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Figure 3 Bland-Altman plots of skin to perichondrium distance (SPD)
for the three sites: external (A); midline (B); internal (C).

M
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Figure 1 Recommended sites
(shadowed areas) and depth
measurement points: E, external;
M, midline; I, internal. Reprinted
with permission from Elsevier
Science: The Lancet, 3 Feb 1979,
p 232.
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Table 3 shows the depth at the three sites. The shallowest is
at the midline, which was 0.2 mm less on average. This was
statistically significant but is of negligible clinical relevance.
SPD was found to be associated with gestational age, birth

weight, labour presentation, and sex in univariate analysis.
These variables were introduced into a multivariate model. A
backwards stepwise multivariate linear regression model
showed that only gestational age was independently asso-
ciated with SPD at all three sites (correlation coefficients
0.587, 0.544, and 0.596 for external, midline, and internal
respectively). The model estimates that the depth of 3 mm is
attained by 28 weeks gestation.
There was no significant difference in the proportion of

newborn infants (preterm and term combined) with an SPD
,3 mm at each of the sites, being about 10% (table 4).
Considering preterm infants separately, 20% of them had an
SPD ,3 mm at the three sites, compared with only ,3% of
term infants.
In subgroup analysis, classifying preterm infants into those

,33 weeks gestation and those >33 weeks gestation
(table 5), 38% of the former had an SPD ,3 mm at one or
more of the three sites compared with only 8% of the latter.
This difference is significant. The difference in the proportion
of preterm infants >33 weeks gestation with an SPD ,3 mm
(8%) was not significantly different from that of term infants
(3%).

DISCUSSION
Ultrasound measurement of SPD was shown to be reliable for
a given observer, with little variation between measurements.
We did not assess whether the measures differ between
observers because the purpose of the study was to investigate

the relative SPD at the three sites rather than establish an
absolute SPD.
Unlike previous postmortem studies,14 18 ultrasound ima-

ging shows that the SPD is almost identical in the three areas
studied. It is not associated with labour presentation, sex, or
birth weight. Moreover we adjusted for possible confounders
in the analysis, whereas, in the postmortem study,14 findings
are potentially confounded by birth weight, age, cause of
death, and time between death and measurement.
The findings show that the SPD is large enough to assume

that automated lancets—that is, spring loaded lancets—of
2.2 mm are safe for obtaining blood samples in both term
and preterm infants over 33 weeks gestational age, regardless
of site of puncture.
However, in more than one in three preterm infants

,33 weeks gestational age, the SPD is ,3 mm. In these
preterm infants, neither the lateral (external or internal)
nor the midline areas of the heel are deep enough to
recommend heel pricking with a 2.2 mm lancet as a standard
procedure.
Preterm children are over-represented by design in this

study, with half of the children being preterm. However,
most children are not premature (in our region only 5.8%
are). Thus the study’s findings have relevance for the vast
majority of newborn infants.
For infants who require multiple blood extractions, such as

those in neonatal intensive care units, the fact that we can
broaden the ‘‘safe’’ pricking area of the heel is important, as
it will reduce the local problems and pain when repeated
samples are required. We believe that the universal recom-
mendation of avoiding puncturing in the midline of the heel

Table 3 Depth distribution at the three sites

Site Preterm Term All Range

External 3.61 (0.66) 4.58 (0.81) 4.11 (0.88) 2.3–6.9
Midline 3.53 (0.62) 4.21 (0.69) 3.89 (0.74) 2.1–6.3
Internal 3.58 (0.65) 4.51 (0.74) 4.06 (0.84) 2.2–6.4

Values are mean (SD) expressed in mm.

Table 4 Proportion of children with skin to
perichondrium distance less than 3 mm

Preterm Term All combined

External 17 (17%) 4 (4%) 21 (10%)
Midline 18 (18%) 3 (3%) 21 (10%)
Internal 20 (20%) 2 (2%) 22 (11%)

Table 5 Skin to perichondrium distance by gestational
age group

,33 weeks 33–,37 weeks > 37 weeks

External
,3 mm 11 (32%) 6 (9%) 4 (4%)
>3 mm 23 (68%) 60 (91%) 101 (96%)

Midline
,3 mm 13 (38%) 5 (8%) 3 (3%)
>3 mm 21 (62%) 61 (92%) 102 (97%)

Internal
,3 mm 15 (44%) 5 (8%) 2 (2%)
>3 mm 19 (60%) 61 (92%) 103 (98%)

The group ,33 weeks gestation has a greater proportion of SPDs
,3 mm than the other two groups (Fisher exact test, p,0.01). There is no
significant difference between the other two groups.

Table 1 Newborn characteristics

Preterm Term All combined

Sex
Female 47 (47%) 46 (44%) 93 (45%)
Male 53 (53%) 59 (56%) 112 (56%)

Labour presentation
Cephalic 73 (73%) 95 (90%) 168 (82%)
Podalic 18 (18%) 7 (7%) 25 (12%)
Other 9 (9%) 3 (3%) 12 (6%)

Gestational age (weeks) 33 (2.8) 39.4 (1.2) 36.3 (3.9)
Weight (g) 1871 (572) 3291 (446) 2599 (875)

Values are mean (SD) or number (%).

Table 2 Repeated measures of skin to perichondrium
distance at three sites, expressed in mm, and the mean
difference (second 2 first)

First Second Mean difference (95% CI)

External 4.11 4.11 2 0.005 (20.811 to 0.801)
Midline 3.88 3.89 2 0.015 (20.844 to 0.841)
Internal 4.04 4.07 2 0.034 (20.934 to 0.866)
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should be revised in the light of evidence from modern
imaging techniques and the use of automated lancets.
Further studies in preterm infants would be useful to

establish which automated lancet size, if any, is most
appropriate at different gestational ages.
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