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Inter- and Intra- Rater Reliability of Navicular Drop Tests Position
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Abstract

Background: Pes planus, or flat foot, causes lower limb malalignment and foot pain during walking or
exercise. Therefore, a highly reliable evaluation method to accurately diagnose flat feet is necessary. This
study investigated the intra-and inter-rater reliability of the navicular drop test in different postures. Design:
Cross sectional study. Methods: Forty healthy volunteers performed the navicular drop test in three differ-
ent combinations of non-weight-bearing and weight-bearing postures (standing/standing, sitting/sitting, and
sitting/standing). Two examiners alternately performed the measurements five times in each subject, and in
each posture. Significant differences in measurements were obtained among the three postures, with the
highest navicular drop being observed in the sitting/standing posture. Results: Inter-rater reliability was high
in the sitting/standing and sitting/sitting postures. Intra-rater reliability was high in all three postures. In the
sitting/sitting and sitting/standing postures, large navicular drop values and high inter- and intra-rater reli-
ability were observed. Conclusion: Therefore, the sitting/standing and sitting/sitting postures are recom-
mended for use in navicular drop tests to diagnose flat feet.
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I . Introduction affected person experiences pain in the tibialis anterior

and the gastrocnemius, foot fatigue associated with tin-

In flexible flat feet, the inner vertical arch appears nor- gling and numbness, and frequent foot pain during walk-

mal when not bearing weight, but collapses excessively
on weight bearing (Neumann DA, 2013). This condition
is caused by the inability to maintain the medial longi-
tudinal arch due to excessive extension of the plantar fas-
ciitis and dysfunction of the tibialis posterior, leading to

excessive pronation of the subtalar joint. As a result, the

ing and exercise (Harris EJ et al, 2004; Wang W, 2004).
These bottom-up phenomena induce pain due to mala-
lignment of the entire lower limb.

Pedobarography and the navicular drop test can be
used to diagnose flexible flat feet (Lee TH et al, 2016).
The utility of pedobarography is limited because it is
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time-consuming, expensive, and requires space for elec-
tronic equipment to measure foot pressure. In contrast,
height differences in the navicular bone between
non-weight-bearing and weight-bearing postures can be
easily measured and compared by the navicular drop test
(Mueller MJ et al, 1993). Therefore, the navicular drop
test is commonly used in clinical practice and is asso-
ciated with no space or cost limitations. The criterion for
a flat foot is navicular drop = 0.8 mm, where this meas-
urement is likely to be affected to some degree by the
examiner or measurement posture (Vicenzino B et al,
2005; Eom JR et al, 2014; Boergers R, 2000).
Identification of the position of the navicular bone and
measurement of its height are performed by the exam-
iner, and may be subject to intra- or inter-rater
variability. In addition, differences in the amount of
weight applied to the navicular bone between
non-weight-bearing and weight-bearing postures may af-
fect the height of the navicular bone. Therefore, it is nec-
essary to investigate the effect of various postures on
measurements obtained in the navicular drop test, and on
its intra- and inter-rater reliability, to determine the most

accurate method for diagnosing flexible flat feet.

II. Method
1. Participants

Forty healthy college students voluntarily participated
in this study. Eligibility criteria included no leg or ankle
treatment during the 6 months prior to the study and no
musculoskeletal or neurological disorders. The subjects
were provided with a sufficient explanation of the pur-
pose and methods of the experiments, and written con-
sent for voluntary participation in the study was obtained

<Table 1>.

2. Navicular drop test

The navicular test was conducted using three different
combinations of non-weight-bearing and weight-bearing
postures. The difference between the height of the na-
vicular bone during weight-bearing and its
non-weight-bearing height was defined as the navicular
drop.

The first posture tested was the standing/standing pos-
ture, in which the height of the navicular bone was meas-
ured while the subject applied weight equally to both
legs in a standing position (non-weight-bearing), and
again while the subject applied weight to the leg to be
measured in a standing position (weight-bearing) (Figure
1).

The second posture tested was the sitting/sitting pos-
ture, in which the height of the navicular bone was meas-
ured while the subject did not apply weight to either leg
in a sitting position (non-weight-bearing), and again
while the subject applied weight to the leg to be meas-
ured in a sitting position (weight-bearing) (Figure 2).

The third posture tested was the sitting/standing pos-
ture, in which the height of the navicular bone was meas-
ured while the subject did not apply weight to either leg
in a sitting position (non-weight-bearing), and again
while the subject applied weight to the leg to be meas-
ured in a standing position (weight-bearing) (Figure 3).

3. Procedure

When the height of the navicular bone was measured,
its position was marked by the first examiner on the part
of the navicular tuberosity showing the greatest pro-
trusion in the horizontal plane using a water-based mark-
er (a); the mark was then removed to conceal it from the
second examiner (b). To measure the height of the na-
vicular bone, a large piece of cardboard was placed per-

pendicular to the ground; the distance between the
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ground and the navicular tuberosity was marked on the
cardboard, and then measured with a ruler (Figure 4).
Two examiners conducted measurements alternately, and
the readings were reported separately to a data-recording
participant, such that each examiner was blind to the oth-
er examiner’s results. Measurements were conducted five
times in each position, and the maximum and minimum
values were removed from the analyses. A 5-min break

was provided between postures.

4. Statistical Analysis

All analyses were performed using SPSS software
(ver. 20.0; SPSS Inc., Chicago, IL, USA). Navicular drop
measurements in the three postures were compared by
one-way analysis of variance (ANOVA). Intra-and in-
ter-rater reliability was assessed based on the intraclass
correlation coefficient (ICC [2,1]). Significance was tak-
en as P < 0.05.

III. Result

Significant differences in navicular drop were found
among the three postures, being greatest in the sit-
ting/standing posture (0.84 + 0.02 cm) (Figure 5). The
inter-rater reliability ICC was very high for the sit-
ting/standing (0.841) and sitting/sitting postures (0.735).
The intra-rater reliability ICC was very high for all three
postures (standing/standing, 0.738; sitting/sitting, 0.911;
sitting/standing, 0.937) <Table 2>.

IV. Discussion

Significant differences were detected among all three
postures during navicular drop measurements. The na-
vicular drop values were in the following order: stand-
ing/standing > sitting/sitting > sitting/standing. This result

can be explained by the fact that, in the standing posi-

tion, the foot to be measured bore some weight even in
the non-weight-bearing posture, such that the difference
in navicular bone height between the non-weight-bearing
posture and the weight-bearing posture was small. No
weight was applied in the sitting/sitting or sitting/stand-
ing non-weight-bearing postures. however, in the
weight-bearing posture, the difference in navicular bone
height appeared to be larger between the standing posi-
tion, when the entire body weight was applied to the foot
to be measured, and the sitting position, when only upper
body weight was applied to the foot. The sitting/standing
posture is that most commonly used in navicular drop
tests, where previous studies have reported navicular
drop values as large as 1 cm (Eom JR et al., 2014; Kim
TH et al, 2011; Del Rossi G et al, 2004; Ki JW et al,
2010). Therefore, conducting the navicular drop test in
the sitting/standing posture is expected to provide a more
accurate diagnosis of flexible flat feet than the other pos-
tures examined in this study.

Intra- and inter-rater reliability scores were high for
the sitting/sitting and sitting/standing postures, but low
for the standing/standing posture (McPoil TG et al,
2008). This is likely due to the weight distribution of the
subject during the non-weight-bearing part of the stand-
ing/standing posture causing differences in the navicular
bone height. Therefore, due to examiner inconsistency,
the standing/standing posture is not recommended for the
navicular drop test.

The high reliability for the sitting/sitting and sit-
ting/standing postures was likely due to the accuracy of
the measurement method. In the typical method, the dis-
tance from the ground to the lowest part of the navicular
bone is measured using a ruler and digital calipers
(Vicenzino B et al, 2005; Eom JR et al, 2014; Kim TH
et al, 2011). Under such circumstances, it is difficult to
precisely position the zero point of the ruler on the floor
and maintain the ruler in a truly vertical position. In the

current study, the navicular tuberosity was marked at the
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highest point from the horizontal plane; instead of then
determining the distance between the ground and the
mark by direct measurement with a ruler, this distance
was marked on a piece of cardboard, eliminating the dif-
ficulties associated with ruler placement. Therefore, our
method improved the accuracy of mnavicular drop

measurements.

V. Conclusion

In this study, navicular drop measurement accuracy,
and the intra- and inter-rater reliability of the navicular
drop test, were compared among three postures. The
measurement accuracy and reliability were high in the
sitting/sitting and sitting/standing postures. Therefore,
these two postures are recommended for navicular drop
test measurements, to improve the accuracy of flexible

flat foot diagnosis.
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Appendix 1. Figure

Figure 4. Marking of navicular drop test
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Figure 5. Comparison of navicular drop test value

between postures (*p<.05)

Figure 3. Sitting — Standing posture
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Appendix 2. Table

Table 1. Characteristic of participants (n=40)
Variable Subjects
Age(year) 20.80+1.63%
Height(cm) 163.73£8.13
Weight(kg) 59.25+512.48

“Mean£SD

Table 2. The inter—rater reliability and the intra—rater reliability of the three postures

Posture 1 Posture 2 Posture 3
Inter—rater .303 735" .841°
Intra—rater(a) 7327 941" 967"
Intra—rater(b) 738" 911" 937"

"p<.05




	Inter- and Intra- Rater Reliability of Navicular Drop Tests Position

