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Background  
Intrinsic foot muscle (IFM) weakness can result in reduced foot function, making it 
crucial for clinicians to track IFM strength changes accurately. However, assessing IFM 
strength can be challenging for clinicians, as there is no clinically applicable direct 
measure of IFM strength that has been shown to be reliable and valid with the foot on the 
ground. 

Purpose  
The purpose was to investigate the intra-rater and inter-rater reliability of a novel, 
budget-friendly IFM dynamometer and determine its agreement with a handheld 
dynamometer (HHD). The researchers also examined correlations of foot morphology and 
activity level to IFM strength. 

Study design   
Descriptive Laboratory Study 

Methods  
Two assessors measured IFM strength of 34 healthy volunteers (4 male, 30 female; 
age=21.14±2.57, height=164.66 ±7.62 cm, mass=64.45±11.93 kg) on two occasions 
6.62±0.78 days apart with the novel dynamometer to assess intra- and inter-rater 
reliability. The HHD was used to measure IFM in the first session in order to assess 
validity. 

Results  
For the novel dynamometer, intra- and inter-rater reliability was moderate-to-excellent 
(ICC = 0.73 – 0.95), and the majority of the strength tests were within the 95% limits of 
agreement with the HHD. Wider foot morphology and a higher number of days walking 
over the prior seven days had small but significant correlations with IFM strength 
(dominant foot r = 0.34, non-dominant foot r = 0.39; r = -0.33, -0.39 respectively). 

Conclusion  
This novel IFM dynamometer is a budget-friendly ($75) tool that was shown to be reliable 
and valid in a healthy population. 

Levels of evidence    
Level 3 
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INTRODUCTION 

Muscle strength is one of the most important factors when 
assessing an individual’s recovery from injury.1 For the in-
trinsic foot muscles (IFM), there is no cost-effective or re-
liable way to measure their strength in a clinical setting.2 

The IFM dynamically support the medial longitudinal 
arch,3 aid in performing functional movements,4 and con-
tribute to balance.5,6 Given this, assessment of IFM is par-
ticularly important in patients who may suffer from IFM 
weakness, including older adults at risk for falls,7,8 people 
with diabetic neuropathy,9 and individuals with plantar fas-
ciopathy,10‑12 among other pathological conditions of the 
lower extremities. For patients with IFM weakness, it is im-
portant to have a reliable IFM strength measurement in or-
der to document impairments and track strength progres-
sion over the course of a rehabilitation program. 
Researchers have approached IFM strength assessment 

in multiple ways, but these assessment methods are neither 
cost-friendly nor easily accessible by most clinicians.2 For 
example, MRI,13‑15 ultrasound,16‑18 and EMG19 have pre-
viously been used to assess IFM volume, cross-sectional 
area, and muscle activity respectively. These measures are 
considered a proxy for strength as no actual force output 
is obtained.2 Furthermore, those methods are time-con-
suming and expensive for general clinical use. To approach 
this problem further, researchers have used custom-built 
toe dynamometers,19‑24 pressure mats,25,26 and a variety of 
handheld dynamometers (HHD).27,28 While these measures 
do provide a force output, they do not discriminate between 
intrinsic and extrinsic muscle groups and increase the over-
all cost of assessment. 
The Toe/Hip Strength Dynamometer (Human Locomo-

tion, Newton, MA) is a novel IFM dynamometer that has 
been recently developed for clinicians. Using this tool, the 
test is conducted similarly to the paper-grip test, which was 
initially created as a dichotomous screening tool for pa-
tients with leprosy to assess if they were able to grip a busi-
ness card with their toes or not, due to the neuropathy that 
is common with the disease.29,30 This dynamometer is sim-
ilarly made of a plastic card attached to a hanging scale. For 
the test, individuals press their toes onto the card as hard 
as possible without toe curl to resist the assessor pulling 
the card out, and a peak force output is provided once the 
card slides out. Although it is still difficult to conclusively 
isolate the IFM, this device has a lower cost ($75) and size 
compared to other methods and may be useful in clinical 
settings. Furthermore, the tool is designed for the measure-
ment to occur in a closed-chain position, which is the func-
tional position of the foot. 
There are also some individual factors that may affect 

IFM strength, such as foot morphology and recent activity 
level. Foot width in sitting and standing positions has been 
shown to significantly positively correlate with IFM 
strength when measured using other tools.31 Additionally, 
a longer foot has a longer lever arm that renders muscula-
ture able to generate a higher force.31 Recent activity level 
could also play a role in force output, given that muscular 
fatigue is known to decrease contraction intensity.32 

The purpose of this study was to investigate the intra-
rater and inter-rater reliability of a novel, budget-friendly 
IFM dynamometer and determine its agreement with a 
handheld dynamometer (HHD). The researchers also exam-
ined correlations of foot morphology and activity level to 
IFM strength. It was hypothesized that the novel IFM dy-
namometer would have good reliability (ICC = 0.75-0.9), 
have good agreement with the HHD, and that foot width 
and length, and activity level would significantly influence 
an individual’s force output. 

METHODS 

In this laboratory-based study, two novice assessors mea-
sured participants’ IFM strength on two occasions 
6.62±0.78 days apart to assess intra-rater and inter-rater 
reliability of the novel dynamometer. Other demographics 
and IFM strength using the HHD were also assessed at the 
first visit. 

PARTICIPANTS 

Healthy individuals between the ages of 18-30 were re-
cruited. Individuals were excluded if they had any previous 
history of foot or ankle surgery, and any foot or ankle neu-
romusculoskeletal injuries or fractures within the prior 
three months. G-Power’s two-tailed paired t-test for two 
dependent means determined that a minimum sample size 
of 34 participants were needed for adequate power of 80% 
and α = 0.05. All participants read, signed, and approved of 
the informed consent form, and the study was approved by 
the Institutional Review Board. 

INSTRUMENTATION 

Arch Height Index Measurement tool (AHI): The AHI (Figure 
1a) measures foot morphologic characteristics (length, 
width, height), and has excellent inter-rater and test-retest 
reliability (ICC = 0.98 – 1.00).27 The AHI can provide mea-
surements to calculate foot volume (foot length, foot width, 
and dorsal arch height at 50% of the total foot length).33 

Novel IFM dynamometer: The novel IFM dynamometer 
consists of a plastic card attached to a hanging scale (Amer-
ican Weigh Scales, Georgia, USA), pictured in Figure 1b and 
Supplementary Video 1. There is no previous reliability or 
validity data on this device. 
Before using the device, individuals were taught how to 

perform the motion. In this study, participants performed 
three isometric toe flexion repetitions while seated in a 
chair with the feet on the ground for ease of learning. They 
were shown a video of isometric toe flexion, where the 
toes were first extended to raise the medial longitudinal 
arch (MLA) as seen in Figure 2a, placed back onto the floor 
without losing arch tension, then pushed down onto the 
floor for three seconds when instructed on a “3, 2, 1, push” 
countdown (Figure 2b, Supplementary Video 3). Instruc-
tions were provided to “keep the heel and ball of the foot 
on the ground”, “imagine bringing the ball of the foot and 
heel together”, and to avoid curling their toes. This “short 
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Figure 1. a. Arch Height Index (AHI) measuring tool. b. novel IFM strength dynamometer and c. handheld                
dynamometer to measure IFM strength.      

foot” exercise mimics the setup of the IFM test which as-
sesses the ability of the IFM to support the MLA,34 which 
was asserted to be more important than the ability of IFM 
to produce toe flexion. 
Then, participants were shown a video of the assessment 

being conducted, with the great toe and lesser toes on each 
foot tested separately. The assessor instructed the partici-
pant to extend their toes and slid the plastic card under the 
toe(s), ensuring that the card did not touch the underside 
of the metatarsal head(s), as seen in Supplementary Videos 
2 and 4. Participants placed the toes back down on the card, 
and the assessor placed their hand on top of the partici-
pant’s foot to keep it stable. The assessor counted “3, 2, 1, 
push”, with participants instructed to push “as hard as they 
could” on that command. Then, assessors counted to three 
silently while they pulled the handle of the device, increas-
ing the force of the pull slowly so that the card slid out on 
“3”, keeping the device on the ground with the line of pull 
in the sagittal plane. Participants were instructed to “press 
the toes on the card as firmly as possible to keep it in place”, 
and to press with all toes on the foot regardless of the toe 
condition being tested. This process is explained in Supple-
mentary Video 3. 
All assessments were conducted on the same low-pile 

carpet, as friction of different materials could affect the 

force output. Participants lay supine with knees bent at 
90 degrees of flexion, with the feet flat on the floor and 
their arms crossed on their chest, as pictured in Figure 
2c and Supplementary Video 2. This position reduced the 
influence of bodyweight on plantar pressure, as increased 
postural demand has been shown to increase IFM recruit-
ment,35,36 and the amount of ankle plantarflexion theo-
retically allowed for extrinsic muscles to be involved to 
a smaller degree.37 Further, it was easier to maintain a 
standard testing position between patients compared to a 
seated or standing position. 
Handheld dynamometer (HHD): Fraser et al. (2017) 

demonstrated good-to-excellent reliability (ICC = 0.66 – 
0.92)27 of a HHD in measuring strength of the great toe and 
lesser toes (Figure 1c). The present study used the same 
microFET2 HHD (Hoggan Health Industries, West Jordan, 
UT). For this test, participants lay supine on an examina-
tion table with knees bent at 90 degrees of flexion, with 
their toes hanging off the edge so that the HHD transducer 
pad could be placed under the toes to assess their push-
ing force. The assessor counted “3, 2, 1, push”, with partic-
ipants instructed to push “as hard as they could” on that 
command. 
International Physical Activity Questionnaire-Short (IPAQ-

Short): The IPAQ was developed in 1998 as an objective self-
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Figure 2. a. beginning the test by lifting the toes. b. placing the toes back down onto the card. c. the testing                     
position for the novel IFM dynamometer and d. measuring range of motion of the great toe.                 

reported measure of physical activity across a variety of 
countries, demonstrating acceptable test-retest reliability, 
acceptable agreement between the long and short versions, 
and fair to moderate agreement between the IPAQ and an 
accelerometer.38 It is sensitive to the specific research pop-
ulation (country, age, region)38 and the intention behind 
the survey, as the long-form may be more appropriate for 
domain-specific activity (job-related, transportation, 
housework, and recreational).39 

Figure 3. Study flow   

TESTING PROCEDURE 

Procedures were as follows (Figure 3). 
Foot morphology: The dominant leg of participants was 

obtained by asking participants which leg they would use to 
kick a soccer ball. Foot length and width of the dominant 
leg was measured using the AHI while barefoot; and arch 
height and foot girth (using a soft measuring tape) were ob-
tained at the midfoot.33 Great toe range of motion was ob-
tained passively (Figure 2d). 
Novel dynamometer testing: After learning the isometric 

toe flexion motion required for the test, participants un-
derwent two familiarization trials per toe condition in the 
supine hook-lying position. Both the familiarization and 
assessment trials had four toe conditions, randomized via a 
Latin square formation: 1, dominant foot great toe (DGT); 
2, dominant foot lesser toes (DLT); 3, non-dominant great 
toe (NGT); 4, non-dominant lesser toes (NLT). 
After familiarization, five minutes of rest were provided, 

where the participant remained seated. Then, each assessor 
conducted three trials of each toe condition, in the same 
order as the familiarization trials. There were 30 seconds 
of rest in-between each toe-pushing repetition within each 
foot, though there was no rest when transitioning between 
feet (Supplementary Video 4). Five minutes of rest were 
provided between each assessor, with each assessor blinded 
to the others’ results for all sessions. The order of the two 
assessors was also alternated for each participant to rule 
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out practice or fatigue effects, though assessor 1 instructed 
all participants in the test and conducted all the familiar-
ization trials. 
Handheld dynamometer measurement: After the IFM 

strength assessment with the novel dynamometer, partici-
pants rested five minutes, then underwent the strength as-
sessment with the HHD (Figure 1c) for only the great toe 
and the lesser toes on the dominant foot. 
Activity level: In the five minutes of rest between each 

assessor, participants filled out the International Physical 
Activity Questionnaire-Short (IPAQ-Short) to indicate their 
recent activity levels over the prior seven days. At the end of 
the first session, a second assessment was scheduled five to 
seven days later. The same procedure took place, excluding 
initial demographics, foot morphology, and seated practice 
repetitions. 
Data analysis:  For the novel IFM dynamometer, means 

and standard deviations (SD) per assessor and session were 
calculated, along with standard error of measurement 
(SEM) to indicate measurement variation. Intra-class cor-
relation coefficients (ICC) were calculated using SPSS (Ver-
sion 28, Chicago, IL); ICC(3,1) indicates intra-rater relia-
bility for each assessor and ICC(2,1) indicates inter-rater 
reliability between assessors, according to previous report-
ing guidelines by Koo and Li (2016).40 ICC values were 
interpreted as poor (< 0.5), moderate (0.5-0.75), good 
(0.75-0.9), and excellent (> 0.9). 
For the HHD, means and SD for each toe condition were 

calculated. To determine agreement between the novel IFM 
dynamometer and the HHD, a Bland-Altman plot was cre-
ated with 95% limits of agreement (R Statistical Software, 
v4.1.2; R Core Team 2021). 
Pearson correlation coefficients were used to determine 

the correlation between IFM strength values, foot morpho-
logical characteristics, BMI, and activity level in the prior 
seven days (R Statistical Software, v4.1.2; R Core Team 
2021). Measurements of great and lesser toes were added 
together on each foot to perform the correlations. The sig-
nificance level was set a priori at α = 0.05. Correlation co-
efficient r: |r| > 0.8 indicates high correlation; 0.5 > |r| < 0.8 
denotes moderate correlation; 0.3 > |r| < 0.5 suggests low 
correlation; and |r| < 0.3 implies weak correlation.31 

RESULTS 

Initially, 37 healthy individuals volunteered to participate 
in this study; three participants were lost to follow-up for 
the second session (Figure 3). 
Participant demographics and foot morphology data are 

presented in Table 1. For the novel IFM dynamometer, in-
tra-rater and inter-rater reliability was moderate-to-excel-
lent across all conditions (Table 2). For agreement with 
the HHD, the lesser toes of the dominant foot had all data 
points within the 95% limits of agreement (Figure 4a). For 
the great toe of the dominant foot, only two data points 
were outside of the 95% limits of agreement (Figure 4b). 
Certain variables had small but significant correlations with 
IFM strength (Table 3), including age, foot width and girth, 
and number of days walking over the previous seven days. 

Table 1. Participant characteristics   

Mean SD 

Demographics 

Age (years) 21.14 2.57 

Sex 4 males, 30 females 

Mass (kg) 64.45 11.93 

Height (cm) 164.66 7.62 

BMI (kg/m2) 23.74 3.76 

Foot morphology 

Foot length (cm) 24.44 1.35 

Foot width (cm) 8.91 0.53 

Arch height (cm) 5.96 0.53 

Foot volume (cm3) 683.4 111.24 

Foot girth (cm) 21.94 1.26 

Great toe ROM (°) 39.29 12.68 

IFM Strength - HHD 

Great toe (kg) 16.31 7.43 

Lesser toes (kg) 14.81 6.52 

Activity level – IPAQ-Short 

Score 8 low, 29 moderate 

Activity level: # days over past week 

Vigorous 2.67 1.75 

Moderate 2.49 1.79 

Walking 6.16 1.50 

Activity level: minutes on 1 day over past week 

Vigorous 93.38 290.46 

Moderate 42.87 35.40 

Walking 92.57 191.68 

Sitting 468.65 270.31 

* ROM, range of motion; HHD, handheld dynamometer 

DISCUSSION 

The novel IFM dynamometer demonstrated moderate-to-
excellent intra-rater reliability and good-to-excellent inter-
rater reliability among all measures between and within 
investigators. The values obtained from the novel IFM dy-
namometer data was in agreement with the values obtained 
from the HHD. Certain variables including a wider foot and 
higher reported days spent walking in the past week had 
small but significant correlations to IFM strength values us-
ing the novel tool. 
A variety of IFM strength measurement methods have 

been explored, though with certain limitations. Previous 
methods include MRI, ultrasound, and EMG to obtain mus-
cle volume,13‑15 cross-sectional area (CSA),16‑18,41 and 
muscle activity,19 respectively. These characteristics have 
demonstrated relationships to muscle strength42 and can 
provide insight about IFM function. However, without a 
quantitative force output,2 these measures should be con-
sidered an indirect strength assessment. Further, these 
methods have a high cost and are difficult to access for 
some clinicians. MRI is considered the gold standard and is 
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Table 2. Toe condition means, SD, SEM, and ICC values         

Toe Condition Means (SD), in kg ICC values (95% CI) 

Toe 
condi-

tion 

Session 1 – 
Baseline 

Session 2 – 
Reassessment 

SEM 

Intra-rater (3,1) 
Inter-rater 

(2,1) Assessor 
1 (kg) 

Assessor 
2 (kg) 

Assessor 
1 (kg) 

Assessor 
2 (kg) 

Assessor 1 Assessor 2 

1 
2.64 

(1.78) 
2.27 

(1.7 kg) 
3.23 

(1.89) 
2.79 

(2.12) 
0.30 

0.87 
(0.69, 0.94) 

0.86 
(0.71, 0.93) 

0.93 
(0.88, 0.97) 

2 
1.77 

(1.19) 
1.65 

(1.13) 
1.93 

(1.14) 
1.84 

(1.23) 
0.19 

0.90 
(0.79, 0.95) 

0.88 
(0.76, 0.94) 

0.95 
(0.91, 0.97) 

3 
1.81 

(1.37) 
1.71 

(1.13) 
2.55 

(1.55) 
2.36 

(1.75) 
0.22 

0.73 
(0.37, 0.87) 

0.83 
(0.53, d0.93) 

0.88 
(0.78, 0.94) 

4 
1.85 

(1.34) 
1.83 

(1.28) 
1.64 

(1.34) 
1.66 

(1.29) 
0.20 

0.86 
(0.77, 0.94) 

0.84 
(0.69, 0.92) 

0.92 
(0.87, 0.96) 

* 1, great toe dominant foot; 2, lesser toes dominant foot; 3, great toe non-dominant foot; 4, lesser toes non-dominant foot 
† ICC values were interpreted as poor (< 0.5), moderate (0.5-0.75), good (0.75-0.9), excellent (> 0.9) 

Figure 4. Bland-Altman plots to demonstrate limits of       
agreement between two methods of IFM dynamometry        

capable of isolating individual IFM,14 but can be expensive 
and time-consuming, and does not actually measure func-
tional strength. IFM assessment via ultrasound requires 
specific clinician experience in diagnostic ultrasound, and 
should be conducted in a weight-bearing position as their 
function is to support the arch while weight-bearing,43 but 
it can be difficult without specially constructed lab equip-
ment.43,44 Ultrasound findings could also be dependent on 
recent activity and time of day, as IFM may be more en-
gorged at the end of the day because of increased blood flow 
with more muscle use.45 Lastly, though surface and intra-
muscular EMG can detect muscle activity,2,34 they do not 
provide an actual force output. 
IFM strength can also be measured directly via custom-

built toe dynamometers,20,21 HHDs,27,28 pressure plat-
forms,20,25,26 and force plates.35 The HHD has good-to-ex-
cellent reliability (ICC 0.66 – 0.92 and 0.82 – 0.88 in two 
separate studies27,28), and does not allow for flexion of the 
interphalangeal joints of all toes compared to some other 
methods, which is viewed as ideal when assessing IFM. 
Though these quantitative methods provide a force output, 
there is no conclusive isolation of individual IFM, which 
may be necessary as individual IFM have different func-
tions. Further, some of these methods are still not cost-
friendly or accessible to most clinicians. Building custom 
dynamometers can require expertise in biomechanics and 
materials that clinicians do not generally possess. Pressure 
mats and force plates can be costly, and it can be difficult to 
isolate the toe pushing force from the rest of the foot. 
Various methods exist to assess IFM strength in labora-

tory settings, but assessing IFM quantitatively in a clinical 
setting has proven difficult due to lack of clinic space, cost 
of, and access to appropriate instruments. However, being 
able to accurately and efficiently assess IFM strength in 
standard physician offices, physical therapy clinics, or ath-
letic training facilities is necessary to inform clinical deci-
sion-making when treating foot and lower leg pathologies. 
The novel dynamometer in this study will be applicable in 
clinical settings, given its low cost and small size. 
Though the IFM function mostly in a weight-bearing po-

sition and performing the assessments in a standing po-
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Table 3. Correlations  

Outcome 

Correlations (Pearson r) 

Dominant 
Non-

dominant 

Age 0.29 0.40* 

BMI 0.14 0.17 

Foot length (cm) 0.17 0.18 

Foot width (cm) 0.34* 0.39* 

Arch height (cm) 0.24 0.13 

Foot volume (cm3) 0.31 0.28 

Foot girth (cm) 0.25 0.33* 

GT (1), range of motion -0.11 -0.02 

Activity level -0.11 -0.14 

Activity level: 
# days over 
past week 

Vigorous 0.28 0.31 

Moderate 0.07 0.06 

Walking -0.33* -0.39* 

Activity level: 
# minutes on 
one day over 

past week 

Vigorous -0.12 -0.16 

Moderate -0.04 -0.10 

Walking -0.14 -0.10 

Sitting 0.03 0 

* significant at 0.05 level (2-tailed) 
Dominant foot = great + lesser toes (Mean 9.55, SD 6.04); Non-dominant foot = great + 
lesser toes (Mean 7.99, SD 5.23) 

sition could be considered more functional,25 the supine 
hook-lying position used in this study can ascertain if in-
dividuals could produce the toe-pushing testing movement 
without influence from other larger muscles. The ability to 
contract IFM in an isolated manner should indicate how 
much the IFM can contribute to supporting the MLA in 
functional movements. Conclusively isolating the IFM is 
still difficult, but the testing position chosen was intended 
to minimize extrinsic foot muscle involvement as much 
as possible, and matches the position used previously by 
Fraser et al.27 for testing with a HHD. Because the novel 
dynamometer had participants pressing their toes on the 
ground, a flat, standardized foot position was guaranteed to 
a greater degree than Fraser et al.‘s procedure, where par-
ticipants’ toes hung off the edge of a treatment table to be 
placed on the transducer of the HHD.27 The positioning for 
the HHD strength test could result in a variety of ankle and 
metatarsophalangeal joint angles, which could alter force 
production capability.37 In a previous study where individ-
uals had their toe flexion strength assessed using a grip bar 
that required toe curl, indicating extrinsic toe muscle in-
volvement, placing the ankle in 120 degrees of plantarflex-
ion had the lowest strength, while a neutral position at 90 
degrees had the highest.19 This could indicate that the ex-
trinsic toe flexor muscles are affected by the ankle joint an-
gle, which is why a plantarflexed ankle position was chosen 
for this study. 
While standing, an individual’s bodyweight or forward 

lean during the test could increase loading onto the toes 
and increase their force output, given that increased pos-
tural demand leads to increased IFM activation.35,36 Fur-
ther, forward leaning ability correlates highly with ankle 
dorsiflexor and plantarflexor strength,46 which means that 

those who can lean forward more during this type of test 
could falsely inflate their output. In a sitting position, 
which has previously been used for IFM strength tests, joint 
angles can vary based on anthropometric measurements, 
and individuals are still able to lean forward to affect force 
production. Therefore, the force reading supplied by the de-
vice might be considered more of a “force output” than ab-
solute “strength”, given that fatigue, body positioning, and 
effort provided may affect the output. 
In terms of agreement between the two dynamometers, 

the majority of comparisons were within the 95% limits of 
agreement, or two standard deviations of the mean, which 
is ideal. It also appears that as the individual’s average 
strength value increases, the difference between the two 
methods tends to get larger. Thus, although the methods 
would not be interchangeable, they do appear to agree. 
There were some individual factors that could have af-

fected IFM strength, such as foot morphology. Foot width 
in both sitting and standing positions has been shown to 
significantly positively correlate with IFM strength.31 Addi-
tionally, a longer foot has a longer lever arm that could the-
oretically generate a higher force.31 Further, habitual use of 
minimalist shoes is associated with increased foot width47 

and increased IFM strength48 compared to those in con-
ventional footwear, which could indicate an association be-
tween foot width and IFM strength. In this study, foot width 
had a small but significant correlation with IFM strength of 
both dominant and non-dominant feet, which is in agree-
ment with previous findings. 
Activity level could play a role in IFM force output capa-

bility on a given day, as muscular fatigue is associated with 
a decrease in contraction intensity.32 IFM fatigue specifi-
cally has been shown to increase navicular drop,49 which 
could indicate a loss of stability, due to decreased strength 
from the fatigue. In this case, the number of days of walking 
was correlated with IFM strength, which could indicate that 
walking more fatigues the IFM more. This may be an in-
dication for clinicians to keep testing time consistent for 
individuals, when possible, given they may be more fa-
tigued in the evening after a day of activity, compared to 
the morning. It may also be prudent to ask patients about 
any changes in their activity levels when performing the 
testing. However, given that 29 out of 37 individuals in this 
study had moderate levels of activity, this consideration 
may not be as applicable for individuals with different ac-
tivity levels. 
There was an increase in IFM strength over time between 

these two sessions, even though no strengthening was con-
ducted, likely due to a learning effect. To combat this, a fa-
miliarization session was used for both sessions prior to the 
testing. Some individuals had no prior experience with the 
testing movement in the first session, but all participants 
indicated that they had previous experience at the second 
session. It is possible that having previous experience with 
the toe pushing movement could make it easier to perform 
the test, thus leading to higher force output. This may be an 
inherent problem to strength testing, especially of the IFM. 
There is a high perceived mental and physical workload as-
sociated with initially learning IFM exercises that decreases 
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after two weeks,50 which should be considered for patients 
learning IFM exercises for the first time versus those who 
have previous experience. Clinicians should be wary that 
testing during the initial phase of learning the test may be 
slightly disrupted by this learning effect. 
Limitations: Though multiple decisions were made in 

determining the testing procedure to limit a learning effect 
and isolate the IFM as much as possible, it still must be 
acknowledged that a learning effect likely exists and some 
of the extrinsic foot muscles could have played a role in 
IFM strength during the test. Further, this device has not 
yet been validated in injured individuals who could stand to 
benefit the most from a device to track IFM strength in in-
jury recovery. 

CONCLUSION 

The results of the current study indicate that a novel, bud-
get-friendly ($75), IFM dynamometer demonstrates accept-
able intra- and inter-rater reliability when examining a 
healthy population. The device also demonstrates validity 
when referenced to a previously used IFM strength testing 

method with a separate handheld dynamometer. Further, 
the weak-to-small correlations between IFM strength, foot 
morphology, and activity level suggest that other factors 
may explain some of the variance in IFM strength, e.g., IFM 
activation, motor control, or activity level over a greater 
period of time. Future research should assess the validity 
of this device compared to other previously used IFM as-
sessments to determine its feasibility in tracking strength 
changes in rehabilitation processes in pathological popula-
tions, or potentially identifying individuals at risk for in-
juries. Injured individuals could have different results as 
pain may inhibit force generation. 
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