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Introduction

e clinician o en assesses foot mobility to assist in determining the
appropriate pescription for footwear as well as foot orthoses. Based on
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on the same subject population for navicular drop and the dorsal arch
height di erence.

Methods

Participant characteristics

One hundred and ninety-two participants (107 females and 85
males) volunteered to participate in the study. Participants were from
two geographic locations: 1) the Regis University population and
surrounding Denver, Colorado community (Regis-CO); and 2) the
Northern Arizona University population and surrounding Flagsta,
Arizona community (NAU-AZ). All participants met the following
inclusion criteria: 1) no history of congenital deformity in the lower
extremity or foot; 2) no previous history of lower extremity or foot
fractures; 3) no systemic diseases that could aect lower extremity
or foot posture; 4) no visible signs of foot pathology in either foot,
including non-reducible claw or hammer toes, hallux valgus, hallux
limitus, or hallux rigidus; and 5) no history of trauma or pain to either
foot, lower extremity, or lumbosacral region at least 6 months prior
to the start of the investigation. e total number of participants at
the Denver site was 102 and 90 participants at the Flagsta site. e
number of female and male participants was 107 and 85, respectively
e mean age of the 192 participants was 26.3 + 4.2 years with a range
of 20 to 48 years. e mean age of the female and male participants was
25.6_+ 3.9 and 27.2 + 4.3 years, respectively. e Institutional Review
Boards of Regis University and Northern Arizona University approved
the protocol for data collection and all participants provided written
informed consent prior to participation.

Instrumentation

Two instruments were manufactured for the study to permit the
measurement of dorsal arch height. e weight bearing arch height
gauge consisted of a digital caliper (Model #700-126, Mitutoyo America
Corp, Aurora, IL 60502) with the xed point attached to a 1.2 x 5.0 x
10.0 cm plastic block to hold the device in a vertical position. A sliding
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(DAH-Rest) was measured bilaterally (see Figure 1). Next, the navicular
tuberosity was identi ed using palpation and marked with a water-
soluble ink pen. e vertical height from the top of the platform to the
ink mark on the navicular tuberosity in resting standing posture (NH-
Rest) was measured bilaterally (see Figure 3). e rater then placed
each foot in subtalar joint neutral position by asking the participant
to elevate and lower the medial longitudinal arch of one foot followed
by the other foot while the rater palpated the medial and lateral aspect
of the head of the talus in relation to the navicular bone. When the
rater felt congruency between the on to the naviculured bite(n)8(g(k)9

the portable platform. e measurement of navicular height was made
using a commercially available angle ruler (Model #2117562, Ace
Hardware Corp, Oak Brook, IL 60523) with a millimeter scale (see
Figure 3).

Procedures

Each subject was asked to stand on a previously described foot
measurement platform so that total foot length, weight bearing dorsal
arch height, as well as navicular height in both resting standing posture
and subtalar joint neutral position could be measured in bilateral
lower limb weight bearing (see Figure 4) [15]. Prior to obtaining
the foot measurements, each subject was asked to stand on the foot
measurement platform with both heels placed in le and right heel cups
that were positioned 15.24 cm apart. Once the subject was properly
positioned on the platform, the subject was instructed to place equal
weight on both feet so that the weight bearing measurements could be
obtained. Total foot length was rst measured by placing the sliding
bar on the centered metal ruler attached to the platform and moving
the bar to just touch the longest toe, usually the hallux, of each foot
(see Figure 4). Next, the dorsal arch height at 50% of total foot length
was measured bilaterally using the weight bearing arch height gauge
previously described. To determine the point of 50% of total foot
length, the previously measured total foot length was divided in half
and the dorsum of both feet were marked at the 50% length point using
a water-soluble ink pen. e sliding metal rod of the weight bearing
height gauge was then positioned over the 50% length mark and the
vertical height from the top of the platform to the dorsum of the foot
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platform was forcibly pushing their foot into ankle dorsi exion. If twice with at least 10 minutes separating the two sets of measurements

this did happen, the procedure was stopped and repeated so that theaddition to inter-rater reliability, intra-rater reliability was assessed

participant only sensed that the portable platform was just touching ther both within-session and between-session for each rater. e marks

plantar surface of the right foot. When the participant indicated thaplaced over the dorsum and navicular tuberosity of each foot were

the portable platform was “just touching” the plantar surface of theiremoved a er each set of measurements to prevent subsequent rater

right foot, the vertical digital caliper attached to the portable platfornbias. e le and right feet for all 20 participants at each geographic

was positioned so that the sliding metal rod could be placed over thecation were treated as independent observations so that the analysis

50% foot length mark on the dorsum of the foot (see Figure 4). Once tbEreliability was conducted on 40 feet and reported separately for each

sliding metal rod of the vertical digital caliper was positioned over thgeographic location.

50% foot length mark, the vertical height from surface of the portabB .

platform to the dorsum of the foot was measured (DAH-NonWB). e ata analysis

same procedure was then repeated for the le foot. Intraclass Correlation Coe cients (ICC) were calculated to
To determine dorsal arch height di erence (Di AH), the dorsal d€t€rmine the consistency of each rater to repeatedly perform the

arch height measured in weight bearing was subtracted from the dor§afasurements individually ‘(intra-rater; IGE for both within-

arch height recorded in non-weight bearing. To determine navicular€SSion and between-session as well as in comparison to the othe

drop (NavDp) the height of the navicular tuberosity measured ifaters (inter-rater; ICC) [16,17]. For the between-session reliability

resting standing posture was subtracted from the height of the navicu@FSessment, the values for the four measurements collected twice ir
tuberosity recorded in subtalar joint neutral position. each session were averaged. e level of reliability for the ICC was

classi ed using the characterizations reported by Landis and Koch [18].
Determination of reliability ese characterizations were: slighff the correlation ranged from 0.00
To establish intra-rater and inter-rater reliabilty for the to 0.20; fai,r_ if the correlation ranged from 0.21 t_o_ 0.40; mode_rate, if
. . the correlation ranged from 0.41 to 0.60; substarifitthe correlation
measurements, three raters at two geographical locations (NALIJénged from 0.61 to 0.80; and almost perfethe correlation ranged

AZ and Regis-CO) were asked to assess the le and right feet of 20, 81 15 1.00. In addition to ICC values, the Standard Error of
randomly selected participants. At the NAU-AZ location, three raterg, \jeasurement (SEM) was also calculated as another index of ratel
were a physical therapist with 20 years of experience performigjiapijiy e SEM is in the same units as the original measurement
the measures of vertical mobility of the midfoot foot utilized in thisyq represents how the foot posture measurements would vary if
study and two graduate physical therapy students with no previoygeasured more than once by each rater [19]. In addition to descriptive
experience. At the Regis-CO location, the three raters were a physiggiistics, t-tests were performed to determine if di erences existed
therapist with 21 years of experience performing the measures gétween the le and right feet for the female and male participants.
vertical mobility of the midfoot foot utilized in this study, a Certi ed Pearsorproduct-moment correlation coe cients were also performed
Athletic Trainer with ve years of experience performing only theto assess the relationship between NavDp and Di AH. e alpha level
measures used to assess navicular drop, and a graduate physigal set at 0.05 and StatView, version 5.0.1 (SAS Institute Inc., Cary
therapy student with no previous experience. To insure consistengy.C.) was used for all statistical analyses.

in the measurement procedures at each data collection site, a video

recording that provided visual and verbal instructions for performingR€sults

each of the foot measurements was made by the lead investigator. All ¢ \yithin-session ICC values for the three Regis-CO raters ranged
raters were asked to watch the video at least once prior to attendiggm 0.87 to 0.99 and from 0.88 to 0.99 for the three NAU-AZ raters for
two separate one-hour training sessions to practice the techniquesmq_ResL NH-SJN, DAH-Rest, and DAH-NonWB, with SEM values
ensure that they were taking the measurements correctly. At each sjfghging from 0.6 to 1.8 mm for both sets of raters. e between-session
reliability data collection consisted of two sessions, one-week apart,dAd inter-rater reliability ICC and SEM values for each set of three
which each group of three raters performed the measurements on giters at both sites are shown in Tables 1 and 2. e between-session
20 participants (40 participants total). During each session, all ratersC values for all four measurements ranged from 0.83 to 0.96 for the
performed all the foot measurements on both feet of eacfeipartt  three Regis-CO raters and from 0.85 to 0.98 for the three NAU-AZ

REGIS-CO (experilzzt;eer é years) (experiiit:eer g years) (experis:égrai years)
ICC Mean SEM ICC Mean SEM ICC Mean SEM
NH Resting 0.91 45.75 1.80 0.95 45.85 1.30 0.96 44.14 1.10
NH SJIN 0.83 48.06 2.30 0.93 50.29 1.40 0.91 49.07 1.60
DAH Resting 0.95 63.80 1.30 0.95 62.63 1.20 0.96 63.62 1.00
DAH NWB 0.93 71.91 1.60 0.94 72.10 1.50 0.94 73.40 1.50
NAU-AZ _Rater 1 _Rater 2 _Rater 3
(experience 0 years) (experience 0 years) (experience 35 years)
ICC Mean SEM ICC Mean SEM ICC Mean SEM
NH Resting 0.95 45.85 1.60 0.92 45.53 2.00 0.92 45.62 1.80
NH SJIN 0.88 50.50 2.10 0.88 49.33 1.90 0.85 48.94 1.90
DAH Resting 0.96 62.82 1.00 0.95 64.32 1.10 0.98 64.99 0.80
DAH NWB 0.95 74.13 1.30 0.93 73.57 1.50 0.97 74.89 1.10

Note: NH: Navicular Height; SIN: Subtalar Joint Neutral; DAH: Dorsal Arch Height; NWB: Non-Weight Bearing
Table 1: Between-session intu





