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Abstract
Objective To examine intraobserver, interobserver and
between-day reproducibility of positional MRI for evaluation
of navicular bone height (NVH) and medial navicular position
(MNP).
Materials and methods Positional MRI (pMRI) of the foot
was performed on ten healthy participants (0.25 T G-scanner).
Scanning was performed in supine and standing position, re-
spectively. Two radiologists evaluated the images in a blinded
manner. Reliability and agreement were assessed by calcula-
tion of intraclass correlation coefficient (ICC) and 95 % limits
of agreement as a percentage of the mean (LOA%).
Results Intraobserver and interobserver reliability was
Bsubstantial^ in both supine and standing position (ICC 0.86–
0.98) and showed good agreement (LOA% 4.9–14.7 %).
Between-day reliability of navicular height and medial navicu-
lar position in standing position remained substantial (ICC
0.85–0.92) with adequate agreement (LOA% 8.3–19.8 %). In
supine position between-day reliability was Bmoderate^ for

NVH (ICC 0.72) and Bslight^ for MNP (ICC 0.39). Agreement
remained adequate between-days for MNP in supine position
(LOA% 17.7 %), but it was less than adequate for NVH in
supine position (LOA% 24.2 %).
Conclusion Navicular height and medial navicular position can
be measured by pMRI in a very reproducible manner within and
between observers. Increasedmeasurement variation is observed
between-days in supine position, which may be due to small
positional differences or other unknown biomechanical factors.

Keywords Navicular bone . PositionalMRI .Weight-bearing
MRI . Plantar arch . Foot posture . Reproducibility .

Reliability . Agreement

Introduction

Imaging methods that allow for precise assessment of the me-
dial plantar arch posture are important in the clinical workup
and management of foot disorders [1]. An excessively low
(pes planus) or high (pes cavus) plantar arch is considered a
predisposing factor for certain injuries to the lower extremity
[2–4]. Numerous radiological as well as clinical measures
exist for characterising the medial longitudinal plantar arch.
Such measures are intended to aid the diagnosis of abnormal
foot posture [1, 5, 6]. Reproducibility of different radiographic
plantar arch measures is reported to vary depending on the
measurement type [1, 7]. Navicular bone height (NVH) is a
commonly used clinical measure of plantar arch height [5, 6,
8] and NVH appears to be reproducible in conventional radio-
graphs [7–9]. It seems logical to assess the position of the
navicular bone since it may serve as a Bglobal^ indicator of
rearfoot and midfoot components of foot pronation and supi-
nation [10]; however, NVHmeasurement in isolation is likely
insufficient to adequately describe navicular movement

Philip Hansen and Finn E. Johannsen share first authorship

Electronic supplementary material The online version of this article
(doi:10.1007/s00256-015-2272-8) contains supplementary material,
which is available to authorized users.

* Philip Hansen
hansen_philip@hotmail.com

1 Department of Radiology, Copenhagen University Hospital
Frederiksberg & Bispebjerg, Nordre Fasanvej 57, Vej 4, Indgang 5,
DK-2000 Frederiksberg, Denmark

2 Parker Institute, Department of Rheumatology, Copenhagen
University Hospital Frederiksberg, Frederiksberg, Denmark

3 Institute of Sports Medicine Copenhagen, Copenhagen University
Hospital Bispebjerg, Copenhagen, NV, Denmark

Skeletal Radiol
DOI 10.1007/s00256-015-2272-8



induced by loading since the navicular bone is known to dis-
place medially in addition to vertical displacement [5, 10]. In
MRI, isotropic three-dimensional (3D) sequences allow for
positional assessment of a structure of interest in any anatom-
ical plane; therefore, both NVH and medial navicular position
(MNP) can be determined; however, until recently, MRI had
the disadvantage to conventional radiography in that standing
examination could not be performed. Imaging under weight-
bearing conditions is generally required in the assessment of
the medial plantar arch, e.g. to diagnose a flexible flat foot (pes
planus) which by definition is not apparent in the unloaded
state [11]. With the introduction of tilting table positional MRI
(pMRI) scanning systems, it has become possible to perform
scanning of the foot in both supine (SUP) and standing (ST)
position. As with any new measurement technique, reproduc-
ibility should be established prior to application in clinical
practise or research. The purpose of the present pMRI study
was to determine intraobserver, interobserver and between-
day reproducibility of NVH and MNP measurements in SUP
and ST position.

Materials and methods

The study was a test-retest observational study. Randomly
recruited voluntary participants from members of staff at the
Radiology Department, Frederiksberg Hospital, Copenhagen
and Institute of Sports Medicine Copenhagen, Bispebjerg
Hospital participated in the study, which was approved by
the local ethics committee (protocol H-2-2012-151). Partici-
pants were recruited in the period of 2013-10-01 to 2014-01-
06. Eligibility criteria were: age 20–50 years; no contraindi-
cations to MRI. Exclusion criteria were: self-reported foot
pain or known foot disorders such as arthrosis, arthritis or foot
deformity. All participants were scanned on two separate oc-
casions with a minimum hiatus of 2 weeks and a maximum of
16 weeks.

MRI procedure

Examinations were performed using a positional MRI-system
(0.25 T G-scan, Esaote SpA, Genoa, Italy). The participants
were scanned in both SUP and 90° ST position. The applied
MRI protocol included gradient echo scout (slice thickness:
5 mm, field of view (FOV): 280× 280 mm, scan time 39 s)
and steady-state free-precession 3D (SHARC) (TE: 14 ms;
TR: 28 ms; FA: 35; FOV: 230 × 230; matrix: 256×256; scan
time: 6 min 54 s) sequences. Total scan time was≈15 min (2×
7 min 33 s). To accommodate a known risk of fainting/
orthostatic hypotension, a crural pumping device (Huntleigh
Flowtron Excel DVT Pump, Bedfordshire, UK) was applied
during scanning. At our centre we have previously document-
ed the efficacy of the device [12]. For scanning in SUP

position, the foot was positioned with the talo-crural joint at
90°. It was ensured that the foot exerted only light pressure
against the surface of the docked receiver coil supporting the
foot. In the ST position, participants were positioned in a
single leg weight-bearing stance and instructed to stand with
equally distributed pressure on the heel and anterior plantar
sole. The foot was oriented parallel to the scanner patient
table. The non-loaded extremity rested on the housing of the
scanner magnet (Fig. 1). Time consumption for positioning of
the patient was approximately 5 min for the SUP and ST
position, respectively. The distance from the scanner table to
the medial aspect of the foot was recorded to allow the foot to
be positioned similarly on the second day of scanning (day 2).

Image analyses

All image analyses were performed in a commercially avail-
able DICOMviewer (Osirix, Pixmeo SARL, Bernex, Switzer-
land). Measurements were conducted in the 3D multiplanar
reconstruction module of the software (mode: BMIP^; win-
dow level/window width: Bfull dynamic^) by two resident
radiologists, one senior (PH) and one junior (SH). NVH was
measured on sagittal images by the following procedure: The

Fig. 1 Image of a study participant during scanning in 90° standing
position in the pMRI scanner (G-scanner)
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sagittal plane was aligned in parallel to an axis intersecting the
centre of the head of the fifth metatarsal and the most caudal
point of the calcaneus. The axial plane was positioned so that
it intersected the caudal intraosseous spongioso-cortical junc-
tion of both of the bones. The NVH was then measured as the
distance from spongioso-cortical junction of the lowest point
of the navicular bone perpendicular to the described axial
plane (Figs. 2 and 3). The spongioso-cortical junction was
easy to identify in all imaging planes and therefore the most
precise measuring point. For measurement of MNP the sagit-
tal plane alignment described in the preceding was kept un-
changed. The axial plane was also kept in unchanged angula-
tion but moved cranially so that the cross-point between the
axial and coronal plane was in the centre of the shaft of the 5th
metatarsal at midshaft level (Fig. 3). To accommodate small
variations in foot positioning relative to the receiver coil, the
sagittal plane was adjusted before measurement of NVH in
SUP position. The sagittal plane was oriented to be parallel
with the vertical axis of the body of the calcaneal bone at the

level where the coronal plane intersected the lowest point of
the calcaneal tuberosity. This procedure was omitted in NVH
measurement in ST position since the foot rested firmly
against the surface of the receiver coil minimizing the poten-
tial for positional differences. The MNP was measured as the
distance between the most medial point of the navicular bone
(intraosseous spongioso-cortical junction) perpendicular to
the sagittal plane, which intersected the centre shaft of the
5th metatarsal (Fig. 3).

Statistical analyses

For assessment of intraobserver reproducibility, the most se-
nior radiologist (PH) performed re-analysis of day 1 scans
with a hiatus of approximately 4 weeks. The reader was
blinded to participant identity and previous measurement re-
sults. For interobserver analysis, both observers were blinded
for the measurement results of the counterpart. We chose to
adhere to the nomenclature suggested by de Vet et al. [13].
Accordingly, Breproducibility^ is considered an overall
Bumbrella^ term covering measurement reliability and
agreement, respectively. Reliability refers to the discrimina-
tive quality of the method i.e. how well can study participants
be distinguished from each other. Intraclass correlation
coefficient (ICC) is an index of reliability. ICC was calculated
using SPSS (IBM Corp, version 22, 64-bit edition for
Macintosh), and was reported with 95 % confidence intervals
(CI). For intraobserver reliability an ICC type 3.1 (two-way
mixed effect, consistency type) with Bsingle measure^ output
was used. For interobserver and between-day reliability an
ICC type 2.1 (two-way random effect, absolute agreement)
with Bsingle measure^ output was used. ICC scores were cat-
egorized according to Shrout [14] as: (0.00–0.10): Bvirtually
none^; (0.11–0.40): Bslight^; (0.41–0.60): Bfair^; (0.61–0.80):
Bmoderate^; (0.81–1.00): Bsubstantial^. Importantly, ICC is
quite sensitive to variability of the study population, i.e. a
homogenous group with low between-subject variability will
tend to decrease the magnitude of the ICC even in cases when
agreement is high [14–16]. Therefore, calculation of agree-
ment parameters is recommended to assess the precision of
the measurement instrument [13, 17]. As a measure of agree-
ment Bland-Altman limits of agreement were calculated
(Fig. 4) and reported as a percentage of the group mean
(LOA%) to obtain a unit-less parameter. LOA%<20 % can
be considered arbitrarily to represent adequate agreement [18].

Results

Ten healthy participants; five females between 22–39 years
(mean age: 30 years; mean body weight: 58; range: 49–
71 kg) and fivemales between 24–38 years (mean age 30 years;
mean body weight 75 kg; range: 63–97 kg) were included in

Fig. 2 The three-dimensional nature of the applied MRI protocol (3D
SHARC sequences) allowed for standardised image plane adjustment
using the multiplanar reconstruction features of the DICOM viewer
software prior to navicular bone position measurements. Images
illustrate adjustment of the axial and sagittal planes to intersect the most
caudal point of the head of the 5th metatarsal and of the calcaneus,
respectively
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the study. The majority of participants reported gradually in-
creasing but tolerable soreness in the plantar sole during the last
minutes of scanning. The soreness resolved completely upon

completion of scanning. Results of reproducibility analyses are
summarized in Tables 1 and 2. Reproducibility was found to be
very similar between observers and between-days. Therefore,
to increase clarity interobserver analyses are reported for day 1
measurements only while results of day 2 analyses are available
as electronic supplementary material (ESM.) For between-day
analyses results are reported for observer 1 (PH) only and the
corresponding raw data are provided in Tables 3 and 4.
Between-day results for observer 2 (SH) are available as
ESM. In the ST position, intra- and interobserver reliability of
measurements was Bsubstantial^ for all measurements of NVH
(ICC 0.88–0.98) and MNP (ICC 0.86–0.96). Interobserver re-
liability for NVH in SUP position (ICC 0.88) tended to be
slightly lower than for ST position (ICC 0.92). As exemplified
by LOA% intra- and interobserver agreement was high (i.e.
LOA %<20 %) for NVH (LOA% 7.5–9.8 %) and MNP
(LOA% 4.9–6.2 %). Between-day reliability of NVH and
MNP in ST position remained substantial (ICC 0.85–0.92). In
SUP position, reliability was Bmoderate^ for NVH (ICC 0.72)
and Bslight^ for MNP (ICC 0.39). Agreement was also reduced
between-days for MNP (LOA% 17.7 %) and for NVH in SUP
position (LOA% 24.2 %).

Fig. 3 Navicular bone height
was measured as the distance
from the most caudal point of the
navicular bone perpendicularly to
the adjusted axial plane depicted
in Fig. 2. Medial navicular
position was measured the
horizontal distance from the
centre of the 5th metatarsal at
midshaft level to the most medial
point of the navicular bone

Fig. 4 Bland-Altman plot showing interobserver agreement for navicular
height measurements in standing position (day 1)
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Discussion

We have demonstrated that navicular bone position can be de-
termined in a highly reproducible manner by pMRI in terms of
NVH and MNP within and between observers. Between-day
reproducibility was well maintained for both NVH andMNP in
ST position, while increased measurement variability was ob-
served in SUP position. Our findings regarding NVH are in
accordance with previous radiographic studies, which have re-
ported NVH measurements to be reliable [7, 8]. However, to
our knowledge no studies have examined the reproducibility of
image-based MNP measurements. In conventional foot radio-
graphs, Scharfbillig et al. pointed to severe difficulty in identi-
fying some bony aspects of the calcaneus and prominence in
the talonavicular joint region [19]. The authors suggested MRI
as an alternative imaging modality. However, at the time MRI
was not a feasible alternative to foot radiographs due to the non-
weight-bearing scanning conditions. This obstacle was over-
come by the rather recent advent of tilting table pMRI systems.

Radiologic assessment of NVH and MNP both in SUP and ST
position by the present method offers a high degree of repro-
ducibility within and between observers. In the following, the
findings of the study will be discussed in more detail.

NVH reproducibility

Intra- and interobserver reliability was Bsubstantial^ in both
SUP and ST position with ICC values quite comparable to
previous reports based on conventional radiography [7, 8].
However, interobserver ICC was slightly lower in SUP posi-
tion (ICC 0.88) than for ST position (ICC 0.97). This could be
caused to some additional measurement variation introduced
by the image correctional procedure used for NVH measure-
ment in SUP position. During the procedure, the observer
subjectively assessed the vertical axis of the calcaneus. This
assessment may differ slightly between observers thereby

Table 2 Reproducibility data for measurements of medial navicular
position in supine and standing position. ICC values are provided with
95% confidence intervals (CI) in parentheses. Limits of agreement are
provided as a percentage (LOA%) of the average medial navicular
position

ICC (95 % CI) LOA%

Navicular medial position

Supine

Intraobserver 0.95 (0.81–0.99) 4.9 %

Interobserver 0.96 (0.83–0.91) 4.9 %

Between-day 0.39 (−0.31–0.80) 17.7 %

Standing

Intraobserver 0.90 (0.66–0.98) 5.5 %

Interobserver 0.86 (0.56–0.96) 6.2 %

Between-day 0.85 (0.51–0.96) 8.3 %

Table 3 Between-day navicular height (NVH) measurements in supine
and standing position presented for observer 1. Values are provided in cm

Observer 1 NVH (cm) supine NVH (cm) standing

Participant No. Day 1 Day 2 Day 1 Day 2

1 2.6 2.5 1.8 1.9

2 4.0 3.4 2.8 2.4

3 3.7 3.5 3.1 3.3

4 3.7 3.1 2.4 2.2

5 3.8 3.1 3.0 2.4

6 4.7 4.7 4.3 4.1

7 3.8 3.4 2.8 3.1

8 3.5 4.0 2.7 2.7

9 2.8 3.3 2.0 2.1

10 3.4 3.2 2.7 2.5

Table 4 Between-day medial navicular position (MNP) measurements
in supine and standing position presented for observer 1. Values are
provided in cm

Observer 1 MNP (cm) supine MNP (cm) standing

Participant No. Day 1 Day 2 Day 1 Day 2

1 4.1 3.9 4.6 4.5

2 4.2 5.1 5.8 5.6

3 4.4 4.4 4.5 4.6

4 4.8 5.0 5.1 5.1

5 4.9 5.3 5.2 5.6

6 4.7 4.6 5.0 5.1

7 4.4 4.6 4.9 4.6

8 5.2 4.7 4.9 5.2

9 4.9 4.5 4.9 4.9

10 4.4 4.8 4.9 4.9

Table 1 Reproducibility data for navicular height measurements in
supine and standing position. ICC values are provided with 95%
confidence intervals (CI) in parentheses. Limits of agreement are
provided as a percentage (LOA%) of the average navicular height

ICC (95 % CI) LOA%

Navicular bone height

Supine

Intraobserver 0.97 (0.90–99) 7.5 %

Interobserver 0.88 (0.48–0.97) 14.7 %

Between-day 0.72 (0.25–0.92) 24.2 %

Standing

Intraobserver 0.98 (0.94–1,00) 9.0 %

Interobserver 0.97 (0.92–0.99) 9.8 %

Between-day 0.92 (0.72–0.98) 19.8 %
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reducing the ICC. Since no rigid foot orthosis or other rigid
stabilizing measures were applied, slight differences in foot
positioning relative to the receiver coil are not unlikely to have
occurred between scanning sessions, particularly in SUP po-
sition. We noted that NVH in SUP position seemed to perform
less reproducibly without the correctional procedure. Impor-
tantly, a comparable MRI study found no improvement in
reproducibility of tarsal joint motion when applying an indi-
vidual thermoplastic shell to stabilize the foot [20]. Between-
days reliability and agreement were more noticeably reduced
in SUP position as reliability was Bmoderate^ and LOA%
exceeded an arbitrary upper limit of 20 %. This is not too
surprising as some small degree of positional as well as e.g.
biological variation is likely to be introduced between scan-
ning sessions on separate days.

MNP reproducibility

As for NVH reliability of MNP was Bsubstantial^ and agree-
ment was Bsubstantial^ within and between observers in both
SUP and ST position. However, we observed marked reduc-
tion in reliability for MNP in SUP position between-days. It
would seem that reliability of MNP is particularly sensitive to
positional or other sources of measurement variation and the
observed between-day ICC of 0.39 raises concern regarding
the usefulness of measurement of MNP in SUP position with-
out further refinement of the method although agreement was
acceptable (LOA% 17.7). As for NVH measurements, we
suspect that positional and possibly biological variation in
SUP position contributed to reduced measurement reliability
over time.

Limitations and perspectives

The present study did not compare reproducibility of pMRI to
measurements by conventional radiography in the same par-
ticipants. Although this could have been interesting with re-
gard to NVH, a comparison of MNP between the modalities
seemed to be precluded since radiographic assessment of
MNP was considered unfeasible. Clinical assessment of foot
posture in the frontal plane is widespread in use despite pre-
vious questions being raised about the usefulness of such
measures [21]. The findings of the present study corroborate
such concerns to some degree and the observation that repro-
ducibility is reduced between-days, particularly in SUP posi-
tion, calls for particular attention. We consider this an impor-
tant observation, which encourages assessment of reproduc-
ibility over time for any new radiological measurement. Fur-
ther studies are needed to examine factors that influence mea-
surement variability in SUP position over time. However, it
should be stressed that a high degree of reproducibility was
found for both NVH and MNP in ST position; thus, pMRI
offers additional and reproducible Bspatial^ information about

navicular position compared to conventional radiography. The
clinical value of such information is yet to be established. For
research purposes, pMRI seems to offer clear potential to de-
vise new measures of navicular bone position in a multiplanar
fashion during loading of the foot, which are not offered by
conventional radiography. With limited effort pMRI also al-
lows for 3D volumetric assessment. In this regard, weight-
bearing CT scanning must also be taken into account. For
bony evaluation the latter technique may be advantageous,
whereas for evaluation of soft tissue structures, pMRI is likely
more optimal. A preliminary study has indicated that pMRI
can identify pathology in the plantar fascia possibly with in-
creased sensitivity in the loaded compared to the unloaded
state [22]. Studies of other functionally important soft tissue
components of the foot, e.g. the spring ligament and the pos-
terior tibial tendon, seem feasible.

Conclusion

In standing position, navicular bone height and medial navic-
ular position can be measured by pMRI in a highly reproduc-
ible manner within and between observers. Additional mea-
surement variation is observed between-days particularly in
the supine position, which may be due to positional or other
unknown sources of biomechanical variation. The reproduc-
ibility in standing position between-days is satisfactory.
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