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Abstract. [Purpose] A goniometer is frequently used for static measurement of hindfoot alignment. However,
although goniometer measurements require experience, their reliability and validity remain controversial. We de-
veloped a hindfoot alignment measurement method by laser as an alternative measure. The purpose of this study
was to examine the reliability of laser-assisted hindfoot alignment evaluation. [Participants and Methods] Two
non-expert examiners (without medical knowledge), briefly trained in the use of laser-assisted hindfoot alignment
evaluation, evaluated hindfoot alignment in 12 healthy participants. [Results] The ICC of the intra-rater reliability
was 0.74 for both examiners and the ICC for inter-rater reliability was 0.43. [Conclusion] The good intra-rater and
moderate inter-rater reliability of laser-assisted hindfoot alignment evaluation, when used by non-professionals,
suggest the laser-assisted hindfoot alignment evaluation may be appropriate for use in clinical practice settings.
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INTRODUCTION

Static measurement of hindfoot alignment in the standing position is frequently conducted to evaluate and treat pathologi-
cal foot and leg conditions!—). These measures are generally performed using a goniometer to define the resting frontal plane
bisection lines of the posterior calcaneus with the distal lower third of the leg, termed the relaxed calcaneal stance position
or leg-heel alignment*®. However, goniometers have a straight solid structure and so it is difficult to conduct measurements
along the curved and often highly uneven calcaneus. In addition, the lower leg axis is frequently curved. According to McPoil
etal.”), 57 of 58 adult females (98.3%) exhibited some type of tibiofibular varum. Also, if the muscle belly of the lower leg
posterior surface is not symmetrical and the muscle belly is large, it is difficult to set a line that bisects the lower leg.

There are many reports on the reliability of static hindfoot evaluation by therapists and doctors using a goniometer, with
results ranging from unreliable®!") to moderately reliable at best. Picciano et al. reported that the intra-rater reliability of
static hindfoot evaluation by goniometry was only 0.14—0.18 and that the inter-rater reliability was only 0.15 as expressed by
the intraclass correlation coefficient (ICC). It was thus concluded that static evaluation of the hindfoot by goniometry was not
a reliable clinical tool!?. As a solution, a method for measuring hindfoot alignment using a laser beam (hindfoot alignment
measurement method with laser beam, HAML) has been devised. In a previous study'®, strong correlation between HAML
and radiographic measures of alignment have been confirmed.
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The purpose of this study is to verify the intra- and inter-rater reliability of HAML measurement by non-experts.
PARTICIPANTS AND METHODS

The study included 12 healthy participants (7 males, 5 females) (Table 1). The inclusion criteria were ability to stand and
support a load on both legs evenly, no obvious deformations, and no lower limb pain. The right foot was measured in all
participants. The two examiners tasked with measuring hindfoot alignment were general students without medical knowledge
who received a brief lecture about the HAML method from a physical therapist.

First, the subtalar neutral position (STNP) was determined in prone participants by the method of Wernick and Langer'?.
Next, three equally spaced points were drawn that bisected the posterior aspect of the medial and lateral posterior borders of
the calcaneus. Another point was drawn on the center of the Achilles tendon at ankle joint height. The laser beam (Cross line
laser Quigo; BOSCH Co. Ltd.) was set 3 cm from the ground and 1 m away from the right heel of the participant (Fig. 1).

The participants stood with feet spread 10 cm apart to control rightward—leftward balance so that the difference in load
was within + 3 kg. Next, varus—valgus alignment was evaluated by projecting a vertical laser line from the ground up. The
degree of subtalar joint (STJ) varus—valgus alignment was classified into seven grades. Varus or valgus position of the STJ
was determined by the relationship between the laser line and the three equally spaced points. Neutral position was defined as
all three mid-calcaneus points on the laser line, strong valgus as all three points outside the laser line, moderate valgus as two
points outside, and weak valgus as one point outside. The same definitions were applied for varus positions (Fig. 2, Table 2).

Grade 4 /|

Fig. 2. Hindfoot alignment categories as defined by the HAML
method. Grade 4) Neutral position; Grade 5) Mild varus;
Grade 6) Moderate varus; Grade 7) Varus.

Fig. 1. Measurements were taken with the feet 10 cm apart.
The laser beam was directed vertically from the floor
to pass through the middle of the Achilles tendon.

Table 1. Participant characteristics (n=12) Table 2. The degree of hindfoot status varus/valgus alignment
was subdivided into seven groups by a researcher
Mean + SD
Age (years) 18.5+£07 Hindfoot status Grade
Height (cm) 168.7 + 8.8 Valgus 1
Weight (kg) 58.9+13.1 Moderate valgus 2
BMI (kg/m?) 20.5+2.7 Mild valgus 3
Gender (male:female) 7:5 Neutral position 4
N: number of measurements. Mild varus 5
Data are presented as mean + standard deviation. \R;I;i:rate varus g

A physical therapist with 7 years’ clinical experience first received instructions on HAML from the study investigators and
then gave a brief (20-min) lecture on the HAML method to the two non-expert examiners. Measurements were repeated twice
at intervals of 7 to 10 days for calculation of intra-rater reliability. The SPSS software package (IBM SPSS Statistics 20.0, IL,
USA) was used for all statistical analyses. The level of statistical significance was set at p=0.01 (two-tailed). The study was
approved by the Human Use Review Board at Showa Inan General Hospital of lowa (No. 2012-10). All participants provided
written informed consent after receiving a thorough explanation of study goals and methods.

RESULTS

Kappa coefficients were used to establish inter-rater and intra-rater reliabilities of HAML. The ICC of the intra-rater reli-
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Table 3. The ICCs for intra-rater and inter-rater reliability for HAML (n=12)

Intra-rater reliability
Examiner A Examiner B
HAML 0.74%% 0.74%% 0.43

N: number of measurements; ICC: intraclass correlation coefficient.
**Significant at the 0.01 level (two-tailed).

Inter-rater reliability

ability was 0.74 for both examiners and the ICC for inter-rater reliability was 0.43 (Table 3). Inter-rater reliability for HMAL
was rated as moderate and intra-rater reliability as good/substantial!3: 19,

DISCUSSION

The intra-rater reliability of HAML was found to be high for evaluating hindfoot alignment on the frontal plane in the
standing position, even when conducted by briefly trained non-experts. One reason for this higher reliability compared with
goniometry is that it was easy to identify the center point on the Achilles tendon. In addition, the gravity line was easily
drawn on the body surface using a laser beam without touching the body surface. Alternatively, Menz!”- '®) suggested that
the accuracy and reliability of goniometry are limited due to the problem of bisector positioning because there is potential
movement of the skin and soft-tissue structures over the bone during physical contact. We speculated that this could be solved
by determining the reference line on the body surface using a laser beam as this non-contact approach would not move the
skin or soft tissue on the bone. Moreover, it is difficult to place a hard plastic/metal goniometer against an uneven surface and
measure the angle with high accuracy, whereas it is easy to draw a straight line on an uneven surface using a laser. In addition,
we simplified the measurement method by adopting a seven-order ordinal scale and defined an appropriate posture in which
the weight on both feet was almost equal because standing posture and load condition may change the measured value. These
advantages may explain the high intra-rater correlation by measurers without medical knowledge.

However, the inter-rater correlation was only moderate (r=0.43). The main reason for this variability was the difference in
defining a point that bisected the posterior aspect of the medial and lateral posterior borders of the calcaneus. This inter-rater
reliability is comparable to RCSP (1=0.41)®). However, those results were obtained by four podiatrists with 1—7 years’ experi-
ence. Considering that our results were obtained by non-experts, inter-rater reliability may be readily increased by developing
an alternative calcaneus marking method. In particular, it is difficult even for clinician to palpate the outer contour of the
calcaneus, so more detailed measurement instructions may be necessary. Using the HAML, non-experts as well as medical
professionals (orthopedic doctors, physical therapists, and orthotists) may be able to effectively evaluate foot conditions,
especially flat feet. In conclusion, we confirm the high repeatability of HAML measurements, even by non-experts.
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