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Reliability and normal values for the relaxed calcaneal stance position
were determined in a nonclinic population of healthy adults and children
(88 adults and 124 children) ranging in age from 5 to 36 years. The mean
relaxed calcaneal stance position for adults was 6.07° valgus (SD 2.71°)
(range, 1° varus to 14° valgus). The mean relaxed calcaneal stance po-
sition for children was 5.6° valgus (SD 2.9°) (range, 6° varus to 12° val-
gus). There was no significant difference between the relaxed calcaneal
stance positions of adults and children. In children the relaxed calcaneal
stance position did not correlate with age, height, or weight and did not
decrease with age to the theoretical normal value of 0° + 2° as postu-
lated by Root et al. The relaxed calcaneal stance position was found to be
a reliable measurement; however, the theoretical normal value of 0° + 2°
was not found. The values reported in the present study correspond with
the results of other empirical studies; thus the theoretical normal value for
the relaxed calcaneal stance position of 0° = 2° may be invalid. (J Am
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The relaxed calcaneal stance position is the angle
formed by the bisection of the posterior aspect of the
calcaneus and a line drawn perpendicular to the rest-
ing surface during relaxed standing in the angle and
base of gait.! The normal value for the relaxed cal-
caneal stance position in adults has been defined as

*Associate Professor and Acting Chairman, Division of Or-
thopedic Sciences, New York College of Podiatric Medicine,
53 E 124th St, New York, NY 10035.

TProfessor of Podiatric Orthopedics, New York College
of Podiatric Medicine, New York; private practice, Ridge-
wood, NY.

FProfessor of Podiatric Orthopedics, New York College of
Podiatric Medicine, New York; private practice, Ramsey, NJ.

§Submitted during fourth year, New York College of Po-
diatric Medicine, New York.

[ISubmitted during third year, New York College of Podi-
atric Medicine, New York.

258

0° + 2° (varus or valgus).! This angle has been used
extensively in the examination and treatment of pedi-
atric and adult flatfoot.>!® One study measured the ef-
fectiveness of a pediatric foot orthosis by the finding
that the relaxed calcaneal stance position averaged
11° valgus barefoot and decreased to an average of
6° varus when the orthosis was worn.8 In a study of
49 patients with flat feet, who were 8 years old on av-
erage, an operation to correct flatfoot was deemed
successful after the average relaxed calcaneal stance
position decreased from 9.6° valgus prior to surgery
to 2.7° valgus postoperatively.?

The relaxed calcaneal stance position has been re-
ported to be normally everted from 5° to 10° at the
start of ambulation.! Valmassy'6 17 has reported that
with normal development, calcaneal eversion de-
creases approximately 1° per year and the normal re-
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laxed calcaneal stance position of 0° + 2° should be
reached by approximately age 7. He provided a for-
mula for approximating the relaxed calcaneal stance
position in children; it consists of subtracting the
child’s age from the number 7. By this method, a nor-
mal 5-year-old should have about 2° of calcaneal ever-
sion in the standing position and a normal 7-year-old
should have 0°. However, neither the reduction of the
relaxed calcaneal stance position in children nor the
adult normal value itself was based on empirical data.

Recently, the theoretical normal values for the re-
laxed calcaneal stance position have been challenged
because they do not correspond with results from em-
pirical studies. In one study, the normal value for the
relaxed calcaneal stance position in asymptomatic
normal adults was found to be 7° everted.' The au-
thors concluded that the “ideal foot,” as defined by
Root et al,?’ was based on an invalid theoretical con-
cept, and should be redefined on the basis of norma-
tive data from a large sample of healthy individuals.
Other recent empirical studies have reported a rear-
foot angle, measured as the angle between a calcaneal
bisection and a bisection of the lower one-third of the
leg, of 4° valgus in healthy adults.?! 22 In a study of 250
children aged 5 to 18, calcaneal eversion in the stand-
ing position was measured by the tendo Achillis angle,
which is similar to the relaxed calcaneal stance posi-
tion.? In this study, calcaneal eversion was measured
as 7° valgus in the youngest children and decreased to
4° valgus by age 18. The heel position did not become
vertical as reported by Root et al.?

The reliability and accuracy of frontal plane mea-
surement of the rearfoot itself have also been chal-
lenged.?*28 In one study, examiners disagreed not
only on the magnitude of the relaxed calcaneal
stance position, but also on the general position of
the joint (ie, varus, valgus, or straight).?> Alternative
techniques for the clinical assessment of foot prona-
tion have been proposed.?

The purpose of the present study was to deter-
mine the reliability of the relaxed calcaneal stance
position and, if it was found to be reliable, to deter-
mine the normal values in a nonclinic population of
healthy adults and children.

Methods

Population

The total study population consisted of 212 individu-
als. There were 88 adults (50 men, 38 women) be-
tween the ages of 21 and 36 years (average age, 27
years). There were 124 children (90 girls, 34 boys)
between the ages of 5 and 17. Seventy-two children
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were of elementary-school age (5 through 11 years,
average 9 years). The mean relaxed calcaneal stance
position for this elementary-age subgroup was com-
pared with that of the adult study population.

Design

One examiner measured the relaxed calcaneal stance
position of the 212 individuals ranging in age from 5
to 36 years. Both feet of each subject were measured.
In each case, the subject was prone and was aligned
with the ankle dorsiflexed to 90° so that the plantar
surface of the heel was perpendicular to the leg in the
sagittal plane; the examiner made sure that the subta-
lar joint was not rotated in either a varus or a valgus
attitude. No attempt was made through palpation to
align the subtalar joint with the neutral position as de-
fined by Root et al.! The posterior aspect of the calca-
neus for both feet was then bisected with a fine mark-
ing pen. Each subject was then asked to stand and
march in place five times until achievement of a com-
fortable angle and base of stance. A two-arm go-
niometer that provided measurements in 2° incre-
ments (PICA, Brentwood, Tennessee) was then
placed on the calcaneal bisection lines with the base
arm on the ground. The measurement was stated
aloud by the examiner and recorded by another person.

Reliability

Intratester reliability was determined by having three
examiners measure the relaxed calcaneal stance posi-
tion two separate times on 14 volunteers. Both feet
were measured for each subject. The subjects were
seen in a different order in the second trial so that the
examiners would not be influenced by the first mea-
surement. Separate recorders wrote down the results,
which made it more difficult for examiners to keep
track of their previous measurements. No examiner
was aware of the measurements of the other two ex-
aminers. Intratester reliability was also determined
through the use of a second instrument, the electro-
goniometer (Penny and Giles Ltd, Blackwood, United
Kingdom). The electrogoniometer readings were cov-
ered with tape so that the examiners were unable to
see the results of their measurement. The recorders
lifted up the tape in each trial and recorded the mea-
surement. Intertester reliability was assessed by com-
paring the results of the three examiners.

Data Analysis

Intraobserver reliability was assessed by means of
the intraclass correlation coefficient. An intraclass
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correlation coefficient of 0.61 or greater indicated
moderately strong agreement based on the work of
Landis and Koch.?® A two-tailed t-test was also used
to determine differences in the intraobserver data. A
one-factor analysis of variance was used to examine
intraobserver reliability.

An evaluation of the data showed normal distribu-
tion; therefore, a two-tailed ¢-test was used to analyze
data. Pearson’s correlation coefficient was used to
determine whether age, height, and weight were cor-
related with the relaxed calcaneal stance position.

Results

Intratester Reliability

The intraclass correlation coefficient for the three
examiners ranged from 0.61 to 0.90 (Table 1). No sig-
nificant difference was found for any of the three ex-
aminers between the first and second measurements
of the relaxed calcaneal stance position with a two-
arm goniometer (Table 1). The greatest mean differ-
ence between the two measurements was 0.5°, ob-
tained by the least experienced examiner (a student

examiner). The least mean difference between the
two measurements was 0.04°, obtained by the most
experienced examiner.

Intertester Reliability

There was no significant difference between the three
examiners in measurement of the relaxed calcaneal
stance position with a two-arm goniometer (Table 2).
The greatest mean difference between any two mea-
surements was 1.23°. An electrogoniometer was used
to measure the relaxed calcaneal stance position in
14 individuals for both left and right feet. The electro-
goniometer reading was covered with tape so that the
examiner could not read the number, and the recorder
transcribed it silently. There was also no significant
difference between examiners in measurement of the
relaxed calcaneal stance position with an electrogo-
niometer (Table 2). The greatest mean difference
recorded between any two examiners was 2.28°,
which was not statistically significant (Table 2).
Given the acceptable intraexaminer reliability ob-
tained with a two-arm goniometer, it was possible to
proceed with analyzing the results of the study.

Table 1. Mean Relaxed Calcaneal Stance Position Measured with Goniometer: Intratester Reliability (N = 14)

Measurement 1 Measurement 2 Intraclass Correlation Coefficient t-Test P

Examiner 1

Left foot 3.79 4.29 0.80 -0.66 .52

Right foot 5.21 5.42 0.89 -0.39 .70
Examiner 2

Left foot 4.86 5.21 0.61 -0.47 .64

Right foot 5.86 6.00 0.67 -0.20 .84
Examiner 3

Left foot 4.82 4.86 0.90 -0.15 .89

Right foot 5.79 5.86 0.86 -0.14 .88

Note: Measurements are in degrees valgus.
Table 2. Mean Relaxed Calcaneal Stance Position: Intertester Reliability
N Examiner1 Examiner2 Examiner 3 F Ferit P

Measured with two-arm goniometer

Left foot 28 4.04 5.04 4.82 0.559  3.109 .57

Right foot 28 5.32 5.92 5.82 0.235 3.109 .79

Left foot and right foot combined 56 4.61 5.48 5.32 0.900 3.051 41
Measured with electrogoniometer

Left foot 14 6.07 5.43 3.79 1.86 3.238 A7

Right foot 14 714 7.07 6.07 0.43 3.238 .65

Note: Measurements are in degrees valgus.
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Relaxed Calcaneal Stance Position Values

The average relaxed calcaneal stance position was
6.41° valgus for men and 5.63° valgus for women (¢ =
1.89; not significant [NS]). The average relaxed cal-
caneal stance position for all adults was 6.17° valgus
for the left foot and 5.98° valgus for the right foot (¢ =
0.47; NS). Because there was no significant differ-
ence by sex or sidedness, these results were com-
bined for the remainder of the analysis. The overall
average relaxed calcaneal stance position for all
adults in this study was 6.07° valgus (SD 2.71°) with a
range of 1° varus to 14° valgus (Fig. 1).

The average relaxed calcaneal stance position
was b.4° valgus for boys and 5.6° valgus for girls (¢ =
0.59; NS). The average relaxed calcaneal stance posi-
tion for all children was 5.63° valgus for the left foot
and 5.48° valgus for the right foot (¢ = 1.03; NS). Be-
cause there was no significant difference by sex or
sidedness, these results were combined for the re-
mainder of the analysis. The average relaxed cal-
caneal stance position for all children in this study
was 5.6° valgus (SD 2.9°) with a range of 6° varus to
12° valgus (Fig. 2). Relaxed calcaneal stance position
was not correlated with age (» = —0.19), height (» =
—-0.17), or weight (» = —0.12). Height, however, was
strongly correlated with weight (v = 0.80). There was
no significant difference in the relaxed calcaneal
stance position between elementary-age children
(aged 5 to 11 years) and adults (¢ = 0.58; NS). The re-
laxed calcaneal stance position values did not de-
crease with age (Fig. 3).

Discussion

Most of the reliability studies that pertain to the sub-
talar joint have focused on the neutral subtalar joint
position and the range of motion of the subtalar joint
rather than on the relaxed calcaneal stance posi-
tion.2% 253134 This is surprising, as the relaxed calca-
neal stance position is widely used in clinical practice
and cited extensively in the literature.2!8 Reliability
of goniometry depends on standardized measure-
ment,®: 3537 and subtalar joint measurement is partic-
ularly difficult to standardize because of the complex
motion of the subtalar joint.?® The reliability of rear-
foot measurements has recently been challenged.22
The relaxed calcaneal stance position has been ques-
tioned because the irregularity of the calcaneal tuberos-
ity makes the posterior heel bisection difficult.2” 239
The results of this study showed acceptable intra-
tester and intertester reliability for all three examin-
ers measuring the relaxed calcaneal stance position
with a two-arm goniometer. There also seems to have

Volume 89 ¢ Number 5 « May 1999

Number of Feet

Relaxed Calcaneal Stance Position (°)

Figure 1. Relaxed calcaneal stance position values
in adults (N = 176, mean = 6.07° valgus). Positive
values indicate valgus, and negative values indicate
varus.
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Figure 2. Relaxed calcaneal stance position values
in children (N = 248, mean = 5.6° valgus). Positive
values indicate valgus, and negative values indicate
varus.

been a learning curve, with the most experienced ex-
aminer having the greatest reliability (Table 1). For
example, the greatest mean difference between the
first and second relaxed calcaneal stance position
measurements was 0.5°, obtained by a student exam-
iner. The most experienced examiner obtained virtu-
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Figure 3. Age and relaxed calcaneal stance position.
Solid squares indicate mean relaxed calcaneal stance
position, with vertical lines representing ranges. Num-
bers above vertical lines are numbers of children. On
the y-axis, positive values indicate valgus, and nega-
tive values indicate varus.

ally identical measurements from one trial to the
next, with a mean difference of as little as 0.04°
(Table 1).

Intertester reliability of rearfoot measurements is
generally less than intratester reliability.2527, 39, 40
There were no significant differences between exam-
iners measuring the relaxed calcaneal stance posi-
tion with a two-arm goniometer or an electrogo-
niometer. The greatest mean difference between any
two examiners was 2.28°. While this difference was
greater than the mean differences obtained for intra-
tester reliability, it was still not statistically signifi-
cant (Tables 1 and 2). The reliability of the electrogo-
niometer was particularly impressive because the
instrument’s reading scale was taped to prevent the
examiner from reading his or her measurement from
the scale. The electrogoniometer has been reported
to be highly accurate and reliable in joint range-of-
motion measurements.** High intratester reliability
of biomechanical measurements that included the re-
laxed calcaneal stance position has been obtained
with a two-arm goniometer in patients in a diabetic
foot care clinic.*

Given the recent criticisms of the reliability of the
relaxed calcaneal stance position, the original pur-
pose of this study was to reexamine the reliability of
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this measurement, which is heavily relied upon in
clinical settings. The authors had not expected the
reliability to be as high as it was, especially for the
electrogoniometer measurements. Differences of ap-
proximately 0.5° for one examiner and 2.5° between
examiners demonstrate reasonable reliability for
clinical measurements and for use in a study.*

The mean relaxed calcaneal stance position for all
adults in this study was 6.07° valgus (SD 2.71°), with
a range of 1° varus to 14° valgus. This contrasts dra-
matically with the original theoretical normal range
for the relaxed calcaneal stance position of 0° + 2°
(varus or valgus) as postulated by Root et al.* The
mean relaxed calcaneal stance position for all chil-
dren in this study was 5.6° valgus (SD 2.9°), with a
range of 6° varus to 12° valgus. The average relaxed
calcaneal stance position did not decrease with age
to the theoretical adult normal value of 0° £ 2° as re-
ported by Root and colleagues.?’ The average relaxed
calcaneal stance position of approximately 6° valgus
for children and adults obtained in the present study
is in agreement with the findings of other studies,
which reported that adults and adolescents stand
with the calcaneus everted between 3.64° and 7°.1921-23
Seltzer et al*6 measured the angle between the long
axis of the tibia and the calcaneus (rearfoot valgus
angle) by computed tomography and found it to be
5.2° valgus in healthy adult volunteers as compared
with more than 10° valgus in patients with rheuma-
toid arthritis, pes planovalgus, or trauma to the rear-
foot and ankle. In another radiographic study to de-
termine the normal range of rearfoot alignment, the
authors found that the rearfoot was everted 3° with a
range of 4° varus to 6° valgus, which these authors
referred to as the “physiological valgus of the normal
hindfoot.”¥

Normal values for an orthopedic measurement
should include plus or minus two standard devia-
tions from the mean value, which encompasses more
than 95% of the population. In this study, 95% of
adults had a relaxed calcaneal stance position be-
tween 3° valgus and 9° valgus. This means that less
than 2% of adults had a relaxed calcaneal stance po-
sition within the normal range of 0° + 2° as postulat-
ed by Root et al.2® Similarly, 64% of children in the
present study had a relaxed calcaneal stance position
between 3° valgus and 9° valgus, and 95% of children
had a relaxed calcaneal stance position between
about 1° varus and 12° valgus. Therefore, more than
80% of normal children fell outside the normal ideal
range for the relaxed calcaneal stance position of 0°
+ 2° as defined by Root et al.* The authors’ results
and those of others consistently indicate heel valgus
in the relaxed calcaneal stance position in healthy
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children and adults. Asymptomatic individuals in this
study demonstrated wide ranges for the relaxed cal-
caneal stance position, from 6° varus to 14° valgus.
Therefore, the authors believe that the original “ideal”
value for the relaxed calcaneal stance position of 0° +
2° as defined by Root et al® is invalid. The average re-
laxed calcaneal stance position reported here was 5°
to 6° everted in healthy children and adults. Ninety-
five percent of the population had relaxed calcaneal
stance position values between 1° varus and 14° val-
gus. Thus the relaxed calcaneal stance position
should not be used as an indicator of pathology.
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