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ABSTRACT 

 

Background: It is known that intrinsic foot muscles (IFM) play an important role during running. 

Despite the multitude of studies on runners, running injuries and biomechanics of running, only a 

few studies exist on the characteristics of IFM in runners. Objectives: The aim of this study is to 

identify intrinsic foot muscles characteristics i.e. cross-sectional area (CSA), thickness, strength as 

well as dynamic postural balance in both runners and sedentary people and the differences 

between them. Study Design: The study design is a cross-sectional study. Methods: A total of 48 

participants were included in this study. The running group consisted of 25 participants and the 

sedentary group of 23. The cross-sectional area and thickness was measured by ultrasound 

(Telemed Logiscan 128). Next, the strength measurements were determined by a hand-held 

dynamometer (HHD). Lastly, the Y-balance test (YBT) was used to determine the dynamic postural 

balance. IBM SPSS 29 was used to perform statistics on the obtained results. Results: When 

looking at the primary outcome measures, the YBT, the HHD strength (toe flexion, hip abduction, 

hip extension, knee extension), CSA and thickness of the AbdH, FDB, peronei, TA of the runners 

group and the sedentary group were not significantly different from each other. For the secondary 

outcome measures, the FPI-6 showed no different scores in the running group and the sedentary 

group. When looking at the ND, the running group showed no differences between the two groups. 

Lastly, no differences were found between the running and sedentary group for the FAOS and 

Baecke questionnaires. Conclusion: The characteristics of the IFM and other parameters were 

successfully obtained. Runners can be expected to score better but no significant differences were 

found for all parameters between the running and sedentary group. More research is needed to 

confirm or disprove these findings. 

 

Keywords: Cross-sectional Study, Adults, Runners, Sedentary People, Intrinsic Foot Muscles 
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ABSTRACT (Dutch) 

 

Achtergrond: Het is bekend dat intrinsieke voetspieren (IFM) een belangrijke rol spelen tijdens 

het hardlopen. Ondanks het grote aantal studies over lopers, loopblessures en de biomechanica 

van het lopen, bestaan er maar weinig studies over de kenmerken van IFM bij lopers. 

Doelstellingen: Het doel van deze studie is het identificeren van kenmerken van de intrinsieke 

voetspieren, d.w.z. dwarsdoorsnede (CSA), dikte, kracht alsook dynamische posturale balans bij 

zowel lopers als sedentaire mensen en de verschillen tussen deze groepen. Study design: Het 

studie design is een cross-sectionele studie. Methode: In totaal werden 48 deelnemers 

geïncludeerd in deze studie. De lopersgroep bestond uit 25 deelnemers en de sedentaire groep uit 

23 deelnemers. De dwarsdoorsnede en dikte werden gemeten met ultrasound (Telemed Logiscan 

128). Vervolgens werden de krachtmetingen bepaald met een handheld dynamometer (HHD). Tot 

slot werd de Y-balans test (YBT) gebruikt om de dynamische posturale balans te bepalen. IBM 

SPSS 29 werd gebruikt om statistieken uit te voeren op de verkregen resultaten. Resultaten: Bij 

de primaire uitkomstmaten waren de YBT, de HHD-kracht (teenflexie, heupabductie, heupextensie, 

knie-extensie), CSA en dikte van de AbdH, FDB, peronei, TA van de lopersgroep en de sedentaire 

groep niet significant verschillend van elkaar. Voor de secundaire uitkomstmaten toonde de FPI-6 

geen verschillende scores in de lopersgroep en de sedentaire groep. Voor de ND vertoonde de 

lopersgroep geen verschillen tussen de twee groepen. Tot slot werden er geen verschillen 

gevonden tussen de lopersgroep en de sedentaire groep voor de FAOS- en Baecke vragenlijsten. 

Conclusie: De kenmerken van de IFM en andere parameters werden met succes verkregen. Van 

lopers kan worden verwacht dat ze beter scoren, maar er werden geen significante verschillen 

gevonden voor alle parameters tussen de lopers- en de sedentaire groep. Meer onderzoek is nodig 

om deze bevindingen te bevestigen of te weerleggen. 

 

Trefwoorden: Cross-sectionele studie, Volwassenen, Lopers, Sedentairen, Intrinsieke 

voetspieren  
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1. Introduction  

Running is one of the most popular free time sports activities [1].   

The running growth can be partially explained by its positive health impact in terms of 

cardiovascular fitness improvement and stress reduction [2]. Next to its advantageous health 

effects, negative side effects in terms of sports injuries should also be recognized [1].   

  

In running, the foot plays an important role. The foot forms the connection between the body and 

the earth [3]. During running, movement of the foot is synonymous with movement of all the bones 

of the lower limb [3]. The foot provides traction for movement, awareness of joint and body position 

for balance, and leverage for propulsion [3]. To execute these complex mechanisms foot muscles, 

ligaments and bones are needed.   

  

Continuing about the foot muscles, intrinsic and extrinsic foot muscles can be distinguished. The 

intrinsic foot muscles (IFM) are muscles that originate and insert within the foot. Consisting of four 

plantar layers and the dorsal intrinsic muscles [4]. They involve the abductor hallucis (AbdH), flexor 

digitorum brevis (FDB), abductor digiti minimi, quadratus plantae, lumbricals, flexor digiti minimi, 

adductor hallucis oblique and transverse heads, flexor hallucis brevis (FHB), plantar interossei, 

dorsal interossei and extensor digitorum brevis [4]. The IFM are essential structures during running 

[5]. These muscles, which help support the medial longitudinal arch (MLA), produce forward 

propulsion from one stride into the next stride of the running cycle [5]. The MLA is a complex 

mechanical structure that must be compliant on uneven surfaces and also have sufficient stiffness 

to allow the foot to be an efficient propulsive organ during running gait [6]. The MLA has a unique 

four-layer load-sharing system consisting of the plantar fascia, plantar intrinsic muscles, plantar 

arch, extrinsic muscles and plantar ligaments [6]. Nilsson et al. found that the MLA  is the primary 

shock-absorbing structure of the foot. Therefore this particular area of the foot is important for the 

foot function [7]. When these muscles of the foot are weak or not recruited appropriately, the 

proximal foundation becomes unstable and mal aligned, and abnormal movement patterns of the 

trunk and lower extremity may appear [4]. This may lead to a diversity of overuse lower extremity 

injuries [4]. The study of Garofolini et al. found that running may increase foot muscle volume, 

muscle cross-sectional area (CSA) and bone density, but this seems to depend on training volume 

and experience [8]. A stronger foot provides better loading redistribution at each step [8]. Also, 

greater foot muscle strength may be a beneficial adaptation in response to the repetitive impact 

imposed on the foot during running, which may contribute to a decreased incidence of injuries [8]. 
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Whereas reduced strength may limit the ability to control inter-joint movements leading to increased 

soft tissue strain [8].  

  

It is quite a challenge to measure the strength of these short foot muscles. Directly with a handheld 

dynamometer (HHD) is sometimes not accurate because the contribution of extrinsic muscles 

cannot be excluded [9]. Therefore, the IFM strength is measured indirectly with ultrasound by 

defining the CSA and thickness of the muscles. Regarding the bigger muscles, Beasley et al. 

established the need for muscle strength testing methods that are more precise and objective than 

manual muscle testing (MMT) [10]. Since then, numerous reports have been published describing 

the use of HHD in strength testing [10]. Therefore, strength measurement with the HHD is often 

used to determine the muscle strength directly and more precisely.  

  

Another important factor that running and IFM relate to is postural balance.  

The fact that we as humans are bipeds and locomote over the ground with no feet in contact 

(running) creates a major challenge to our balance control system [11]. If we take a closer look on 

the foot, Epishev et al. found that excessive tonic activity of calf and foot muscles influenced the 

postural balance in a positive way [12]. Postural balance is the process of maintaining the body’s 

center of gravity within the weight support base [13]. Constant adjustment is needed, which is 

provided by muscle activity and joint positioning [13]. In order to maintain postural balance, 

detection of body movements, integration of sensory information in the central nervous system and 

an appropriate motor response are required [13]. Dynamic maintenance of balance and motor 

control involve coordinated activity by the muscle kinetic chains [13]. Better balance is strongly 

positively associated with an improved athletic performance and negatively associated with lower 

limb sports injuries [14].  

  
Despite the multitude of studies on runners, running injuries and biomechanics of running, few 

studies exist on the characteristics of IFM in runners. Besides, little is known about the differences 

in IFM characteristics between runners and sedentary people. Therefore, this study aims to identify 

IFM characteristics like CSA, thickness, strength and dynamic postural balance in both runners and 

sedentary people and the differences between them. In addition, this study also examined strength 

of the lower limb, navicular drop (ND) and foot posture index (FPI-6). Also, the level of physical 

activity, pain, symptoms and function of the foot and ankle. The dynamic postural balance was 

measured by the Y-Balance Test (YBT). Next, the strength of the lower limb muscles was 

conducted through HHD. The level of physical activity, pain and the symptoms and function of the 
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foot and ankle was registered by questionnaires, the Baecke questionnaire was used to measure 

the physical activity and for the symptoms and function of the foot and ankle, the Foot and ankle 

outcome score (FAOS) questionnaire was utilized. Looking at the profile of this study, one would 

expect runners to score significantly better than the sedentary group for all outcome parameters.  

  

  
  
  

2. Methodology   

  

2.1 Study Design  

  
A descriptive cross-sectional study was conducted to determine and compare IFM characteristics 

in runners and sedentary people.   

  

2.2 Setting  

  
The study took place between October 2023 and February 2024 in the labs of Ghent University on 

the Ghent University Hospital site. Six moments of data collection took place. The testing was 

conducted by at least two students and a postdoc supervisor.   

  

2.3 Participants  

2.3.1 Recruitment  

  
A flyer with the required criteria and research question was made. The flyer was shared on various 

social media platforms as well as the staffing services of the University Hospital of Ghent. Also, the 

flyer was posted several times within the online running community (Strava). Furthermore, the 

researchers also personally forwarded the flyer to potentially suitable candidates. If the person met 

the inclusion criteria, they were invited to participate in the study.  

  

2.3.2 Inclusion criteria  
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Forty-eight participants were included based on the predefined inclusion and exclusion criteria. 

These inclusion and exclusion criteria are listed in a table (see further). Through the inclusion and 

exclusion criteria, 2 groups can be distinguished, namely the sedentary group and the recreational 

group. The participants had to be between 18 and 55 years of age and had to have no pain or other 

complaints at the level of the lower limb (hip, knee, ankle, foot) at the time of testing and in the past 

3 months prior to the study in order to be included in one of the 2 groups. Below the full eligibility 

criteria can be found (Table 1.)  
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Table 1: Eligibility criteria.  
  

Inclusion criteria   Exclusion criteria  

Sedentary   Recreationally  Sedentary  Recreationally  

18-55 years old   <18 years old and  >55 years old   

No pain or complaints at the level of the 

lower extremities (hip, knee, ankle, foot) at 

the time of testing and in the past 3 

months prior to the study   

Pain or complaints at the level of the lower 

extremities (hip, knee, ankle, foot) at the test 

time or in the past 3 months prior to the study  

Persons who have 

not regularly 

practiced a taxing 

sport (running, 

basketball, 

volleyball, tennis...) 

in the past 12 

months and still do 

not. (though allowed: 

mind sports such as 

chess, sedentary 

sports such as 

fishing)  

Average weekly 

running volume of at 

least 15 km over the 

past 12 months  

   Runners with minimalist 

shoes 

   No experience 

running barefoot or 

with minimalist 

shoes   

   Runners using 

orthopedic insoles 

while running  

  

2.4 Outcome parameters  

2.4.1 Foot Posture Index (FPI-6)  

  
The FPI-6 is a six-item criterion reference tool that was developed in response to a requirement for 

a quick, easy and reliable method for measuring foot position in a variety of clinical settings [15]. 

The FPI-6 consists of six validated, criterion-based observations of the rearfoot and forefoot of a 

person standing in a relaxed position [15]. The scoresheet can be found in appendix 1. The 



 

15 
 

rearfoot was evaluated via palpation of the head of the talus, observation of the curves above and 

below the lateral malleoli and the extent of the inversion/eversion of the calcaneus [15]. The 

assessment of the forefoot consists of the bulge in the region of the talonavicular joint, the 

congruence of the medial longitudinal arch and the extent of abduction/adduction of the forefoot on 

the rearfoot [15].    

In this study the assessment was done on the dominant foot of the patient by at least one 

investigator. A total FPI‐6 score ranges from −12 to +12 [16]. A foot type is classified as a highly 

pronated posture with a score of 10 or greater, a pronated posture with scores of +6 to +9, normal 

posture with scores of 0 to +5, a supinated posture with scores of −4 to −1, or a highly supinated 

posture with ≤−5 [16].  

  

2.4.2 Navicular drop (ND)  

  
The navicular drop test (NDT) is used to evaluate the MLA. It identifies the difference in millimetres 

(mm) between the tuberosity height of the navicular bone in the subtalar joint in sitting and standing 

position (figure 1) [17].  

The prominent part of the navicular tuberosity is marked with a line. The distance from the 

supporting surface (floor) is measured (A) with a ribbon meter. The result was written down in mm. 

Next, the patient was asked to stand up and the amount of sagittal plane excursion of the navicular 

tuberosity is also measured (B) with a ribbon meter.  

When testing the NDT, it was important to standardize the posture of the subjects. The test subjects 

had their knees above their feet, lower legs perpendicular to the ground and feet hip-width apart.  

In 1982, Brody et al. proposed that a ND measurement exceeding 15 mm is considered abnormal, 

while measurements below 10 mm are considered within the normal range. Brody’s NDT assesses 

ND statically [18].  

  

  

Figure 1: Navicular drop: A. Foot in sitting position B. Foot in standing position.   
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2.4.3 Dynamic Postural Balance: Y-balance test  

  
The YBT, based on the Star Excursion Balance Test (SEBT) is an objective measure to determine 

the functional lower extremity muscle strength, the balance and uncover asymmetries between the 

2 legs that may lead to an injury (figure 2) [19]. A difference of more than 4 centimeters (cm) reach 

distance between the tested legs (lower quadrant) and composed reach distances less than 94% 

or less than 89% of the lower limb length have been associated with an increased risk in sport-

related injury [19]. The YBT shows moderate to strong evidence as a test for neuromuscular control 

[20].  

  

In this study the subjects used their dominant leg as supporting leg. The non-dominant leg was 

used to reach in the different directions. Three directions were considered: posteromedial (PM), 

posterolateral (PL) and anterior (ANT) direction. Three practice trials per direction were allowed. 

Afterwards, measurements were taken 3 times per direction with the highest score counting. The 

total reach was obtained by adding up the highest scores in each direction. Next, this number was 

divided by the limb length and multiplied by 100 for becoming the normalized reach.  

  

  
Figure 2: The Y-balance test (YBT) with anterior, posteromedial and posterolateral direction.  
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2.4.4 Strength: Hand-held dynamometry  

  
Maximum isometric force of various muscles of the dominant limb was also measured. Hip 

extension, hip abduction, knee extension and metatarsophalangeal flexion of the first toe were 

measured using a HHD. To get a fair picture of the strength, the normalized strength was 

calculated. This was calculated by dividing the strength in Newton (N) by the weight in kilogram 

(kg) for each participant.  

For each movement, the participant had one practice trial, followed by three real measurements. 

For metatarsophalangeal (MTP) flexion, three practice attempts were allowed.   

The participants are asked to gradually increase the intensity of muscle contraction for the first two 

seconds, after which a maximal contraction was maintained for a duration of three seconds.   

The testers were allowed to motivate participants throughout the test, to ensure a maximal effort. 

Every repetition was standardized and did not allow any limb movement. To ensure that the 

measurement was isometric, a fixation strap was used for the relatively large muscles.   

  
A detailed elaboration of the force measurement for each component is shown below.  

  

2.4.4.1 Toe flexor strength  

  
The muscle being examined is the intrinsic m. FHB (figure 3). The subject was placed in sitting 

upright with bended knees [21]. The foot was positioned flat with the metatarsal heads at the table 

edge with the toe cantilevered off the end [21]. In this position the talocrural joint was slightly tilted 

towards plantar flexion. The dorsal foot was manually stabilized by the investigator [21]. Then, force 

was measured at the pads of the toe [21].  

The procedure for assessing the strength of the toe flexors involves placing the dynamometer under 

the interphalangeal (IP) joint of the first toe [22]. The subject was asked to produce as much force 

as possible to bend the toes against the HHD [22]. Hand dynamometry allows flexion at the MTP 

joints and limits flexion at the IP joint because the dynamometer is placed below the IP joints [23].  

The 3 practice trials were allowed because flexion of the MTP joint of the hallux is a difficult exercise 

in terms of motor control.  
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Figure 3: Strength measurement of the m. flexor hallucis brevis with handheld 

dynamometer.  

 

2.4.4.2 Maximal isometric knee extension strength 

   
The muscles being examined are the 4 heads of the m. quadriceps (figure 4). The subjects were 

seated, upper limbs crossed in front of the trunk, knee at 60° flexion, and the HHD positioned in 

the anterior distal region of the tibia, 5cm proximal to the ankle joint line [24][25].  

  
Figure 4: Strength measurement of the quadriceps muscle with handheld dynanometer. 
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2.4.4.3 Maximal isometric strength hip extension 

   
The muscle being examined is the m. gluteus maximus (figure 5). The subjects were lying in a 

prone position with the knee 90° flexed [26].  The HHD was placed just above the knee cavity under 

the fixation strap.  

  

Figure 5: Strength measurement of the m. gluteus maximus with handheld dynamometer. 

  

2.4.4.4 Maximal isometric strength hip abduction 

   

The muscles being examined are the m. gluteus medius and minimus and the m. tensor fascia 

latae (figure 6). The subjects are lying on the non-tested lower limb, with the tested hip at 10° 

abduction and the HHD was placed 5 cm proximal to the lateral region of the joint line of the knee 

under a fixation strap [24].  

  
Figure 6: Strength measurement of the m. gluteus medius & minimus and m. tensor fascia 
latae with handheld dynamometer. 
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2.4.5 Ultrasound  

  
Muscle morphology has been used to indirectly assess muscle performance due to the correlation 

between muscle morphology and strength capacity [27]. Using ultrasound to measure the 

morphology of the short foot muscles shows good reliability [27].   

The Telemed Logiscan 128 (painless, non-invasive examination) was used to evaluate the 

thickness and CSA of the IFM. The CSA of the AbdH, FDB, peronei as well as the thickness of the 

AbdH, FDB, peronei and the TA was measured. 

  

2.4.6 Questionnaires  

2.4.6.1 Foot and Ankle Outcome Score (FAOS) 

  
This questionnaire asks about the subject’s opinion of the foot and ankle (appendix 2). The 

answers give an idea of the foot and ankle symptoms and how one is able to perform everyday 

activities. Six subparts are questioned: symptoms, stiffness, pain, daily life functioning, functioning 

in leisure and sports and quality of life. A total number of 45 items are questioned. The FAOS 

subscale scores range from 0 to 100, with higher scores indicating better outcomes [28]. A score 

of 100 on a subscale indicates no symptoms or limitations in that particular area, while a score of 

0 indicates extreme symptoms and limitations [28].   

 

2.4.6.2 Baecke Questionnaire  

  
The Baecke questionnaire was developed to assess physical activity in individuals during work and 

leisure time (appendix 3) [29][30]. The list consists of 16 questions about work, sports and leisure, 

where a higher score corresponds to a physically more strenuous activity [29][30]. Each question 

has 5 response options. Subjects had to tick the answer option closest to their reality while being 

honest about their physical activity time [29][30].  

 

2.4.6.3 Self-made Questionnaire  

  
Lastly, a short self-made questionnaire was taken from the subjects. The questionnaire was taken 

to obtain more background information and peculiarities from the subjects. This allowed the 

researchers to get a better picture of each participant. The questionnaire was administered by one 



 

21 
 

researcher and involved the following items: demographics, medical history, sports data and 

additional information. The self-made questionnaire can be found below (appendix 4).  

  

2.5 Statistical methods  

  
The researchers used the IBM SPSS software platform for advanced statistical analysis of the 

obtained results. After inserting the different data of the outcome parameters, exploratory data, 

such as the significance level of the Shapiro-Wilk test (p<0.05), the Q-Q plot and histogram was 

performed for each parameter. When the values were not normally distributed, the Mann-Whitney 

U (p<0.05) test was used. When the values were normally distributed, the Unpaired Student's t-

test (p<0.05) and Levene's test (p<0.05) were used. 

  

3. Results  

3.1 Participants: recruitment 

Eventually 48 subjects were found suitable and therefore included in this cross-sectional study. In 
figure 7, the flowchart of the recruitment process can be found.  

  

Figure 7: Flowchart of the recruitment process.  
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3.2 Participants: demographics  

  
Between October 2023 and February 2024, 48 subjects aged between 19 and 52 years old were 

recruited for this study. Amongst them 29 men and 19 women. A total of 25 runners and 23 

sedentary people were identified. The running group consisted of 18 men and 7 women. In this 

group the mean age was 28 ± 9.8 years. The sedentary group consisted of 11 men and 12 women. 

In this group the mean age was 24.2 ± 6.3 years. Further demographics of the patients can be 

found in Table 2. There was a significant difference in age (p < 0.05) between the two groups. 

When regarding the sex, weight and height (p > 0.05) no significant differences were found.  

 

Table 2: Baseline Patient Demographics   

  
 

3.3 Outcomes  

  
First of all no significant differences were found between the two groups for all variables. Infra the 

non-significant differences are reported for each outcome. Table 3 summarizes the mean scores 

of all outcomes. Except the FAOS questionnaire displays the median score.  

  
  

Variables  Running Group (n=25)  Sedentary Group 

(n=23)  

p Value  

Sex (f/m)  7/18  12/11  0.140  

Age (years)  28.0 ± 9.8  

(21-52)  

24.2 ± 6.3  

(19-41)  

0.013  

Weight (kg)  71.1 ± 11.9  

(50-105)  

72.1 ± 14.5  

(50-100)  

0.779  

Height (cm)  178.0 ± 9.8  

(160-194)  

175.5 ± 9.5  

(158-193)  

0.385  

BMI (kg/m²)  22.3 ± 2.4  

(19.0-30.0)  

23.2 ± 3.1  

(18.8-30.0)  

/  
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3.3.1 Primary Outcome Measures  

  
When looking at the YBT, the HHD strength (toe flexion, hip abduction, hip extension, knee 

extension) and CSA of the AbdH, FDB, peroneï, TA, the running and sedentary group were not 

significantly different from each other. Also, the thickness of the muscles above showed no 

significant differences. After the normalized force was calculated, again no significant difference 

was found.  

  

3.3.2 Secondary Outcome Measures  

  

The FPI-6 showed no different scores in the running group and the sedentary group. For the ND, 

the running group showed no differences between the two groups. Lastly, no differences were 

found between the running and sedentary group for the FAOS and Baecke questionnaires. 
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Table 3: Scores for all outcomes presented as mean, except FAOS (median).  

Variables  Running Group 

(n=25)  

Sedentary Group 

(n=23)  

p Value  

FPI-6  3.04 ± 1.37  2.39 ± 2.31  0.250  

ND (mm)  4.12 ± 1.64  5.52 ± 3.13  0.064  

YBT (%)  95.80 ± 7.52  92.52 ± 6.80  0.121  

Toe flexion   

Strength (N)  

101.92 ± 36.66  87.09 ± 34.90  0.159  

Normalised Toe Flexion 

Strength (N/kg)  

1.43 ± 0.43  1.22 ± 0.46  0.115  

Hip Abduction Strength 

(N)  

260.40 ± 69.95  235.26± 81.16  0.255  

Normalised Hip 

Abduction Strength 

(N/kg)  

3.67 ± 0.86  3.24 ± 0.83  0.087  

Hip Extension Strength 

(N)  

186.68 ± 61.15  177.87 ± 61.87  0.622  

Normalised Hip 

Extension Strength 

(N/kg)  

2.66 ± 0.87  2.46 ± 0.67  0.373  

Knee Extension 

Strength (N)  

373.52 ± 137.08  320.35 ± 139.83  0.191  

Normalised Knee 

Extension Strength 

(N/kg)  

5.18 ± 1.52  4.34 ± 1.27  0.044  

AbdH CSA (mm²)  2.31 ± 0.63  2.23 ± 0.79  0.656  

FDB CSA (mm²)   2.41 ± 0.54  2.16 ± 0.46  0.084  

Peroneï CSA (mm²)   4.07 ± 0.81  4.049 ± 0.741  0.921  

AbdH   

Thickness (mm)  

1.17 ± 0.26  

  

1.08 ±  0.26  

  

0.242  

FDB   

Thickness (mm)  

0.94 ± 0.19  

  

0.91 ± 0.17  

  

0.602  

Peronei  1.60 ± 0.25  1.51 ± 0.23  0.186  
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Thickness (mm)    

TA   

Thickness (mm)  

2.26 ± 0.34  

  

2.27 ± 0.24  

  

0.974  

FAOS Questionnaire 

(%)  

98.21  98.21  0.676  

Baecke Questionnaire  8.34 ± 1.44  8.14 ± 1.50  0.642  

  

4 Discussion  

The aim of this study was to examine the characteristics of IFM in runners and sedentary people 

and the differences between them. The dynamic postural balance, CSA and thickness of the IFM 

and strength measurements of the lower limb were the primary outcomes of this study. Furthermore 

the FPI-6, ND, FAOS and Baecke questionnaire were incorporated as secondary outcome 

measures. For all outcome measures, no significant differences were found between the two 

groups. This disproves the hypothesis that runners would score better for each outcome parameter. 

Perhaps, the group characteristics may not be different enough to see significant results in all the 

outcome measures. One explanation can be that, regardless of one was a runner or sedentarian, 

they have either a sedentary or physical occupation. Also, the amount of leisure time and its 

fulfillment can play a role. Another explanation is that the sedentary group are sedentary in terms 

of running rather than in general since they walk, swim, go to the gym, ride horses etc.   

  

Although this study found no significant differences in dynamic postural balance. Some studies 

claimed that physically active people have a better postural balance than sedentary people 

[31][32]. Regardless of these constraints, an athlete must preserve whole-body postural control to 

maintain their running speed. Wyatt et al showed that postural control plays an important role in 

maintaining speed when running [33]. Also, postural control plays an important role in maintaining 

body center of gravity control in turns when running [33]. In addition, impairment of dynamic 

postural control is associated with a higher risk for non-contact injuries [34]. These cases from the 

literature prove that dynamic postural control is an important parameter for runners. They also 

suggested that the morphology of foot muscles plays an important role in balance performance 

[35]. Therefore, strengthening the IFM may be an effective way to improve balance [35]. This leads 

directly to the following outcome: strength. The strength outcomes in this study were not 

significantly different in the running and sedentary group. On the other hand, there is very limited 
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evidence indicating that running is associated with increased foot muscle size [36]. Based on the 

limited evidence available, there is an indication that IFM strength and muscle size may increase 

with running, but this depends on the type of footwear and associated biomechanical changes [36]. 

A stronger foot can better control the redistribution of load with each step, whereas reduced 

strength can limit the ability to control movement between joints, which can lead to increased soft 

tissue strain; therefore, increased foot strength may be a beneficial adaptation in response to 

repetitive loading of the foot during running, which may contribute to a decreased incidence of injury 

[36]. Not only can it prevent injuries, but the literature also shows that strong intrinsic foot muscles 

have a beneficial impact on biomechanics during running and consequently can improve running 

performance [37]. From this, we can deduce that training the IFM could be an important component 

in preventing injuries in runners. Consequently, training the IFM should be a regular part in the 

training schedule of runners. Another explanation for obtaining non-significant results in terms of 

IFM strength may be because it is difficult to measure IFM strength in a direct way. It can be done 

directly, but this requires a lot of motor control from the test subjects. Also, the contribution of 

extrinsic muscles cannot be excluded when testing the strength of the IFM with HHD [38]. 

Therefore, it was opted to measure it in an indirect way via ultrasound, which is used as the gold 

standard. This could explain why no difference was found between the 2 groups. Unver et al. Found 

that a 6-week short foot exercise program was effective to decrease ND, enhancing foot posture, 

reducing foot pain and disability, and increasing plantar force in midfoot [39]. From this it can be 

assumed that IFM and their strength play an important role for the foot posture and the ND. This 

study showed no significant differences between the two groups in FPI. An important factor is that 

these findings were obtained at rest, with no exercise-induced fatigue. A study of Galloso-Lagos et 

al. found a significant difference in foot posture in recreational runners at baseline and after a 

running session [40]. During a certain period of running the foot becomes more pronated [40][41]. 

But considering our study, this may be temporary. More research is needed for the permanent state 

of the foot posture of runners and sedentary people. Lastly, no significant differences were found 

for either the FAOS or Baecke questionnaire. Meaning the amount of physical activity and the 

opinion on their foot and ankle did not differ enough. One of the main reasons why no significant 

results were found for this outcome parameter was the inclusion criteria of the 2 groups. 

Recreational runners were sought on the one hand and sedentary individuals on the other. Studying 

the Baecke questionnaire, these sedentary individuals indeed do not appear to run, but often they 

have a taxing occupation or hobby. We can also infer this from the fact that the Baecke 

questionnaire was not significantly different between the two groups. In the end, these sedentary 

individuals turn out not to be as sedentary as originally thought. 
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Limitations  

  

As already indicated, the inclusion criteria in this study are a limitation. The sedentary group turned 

out not to be so sedentary after all. What might have been a better solution would have been for 

the test subjects to first complete the FAOS and Baecke questionnaire before the testing moments 

and only then would a decision be made whether the person could participate in the study. This 

could be a point of improvement for future research.  

   

One of the reasons why no significant differences were found may also be due to the fact that some 

tests are subjective such as the FPI-6. This test collection, as mentioned earlier in the methods, is 

done by scoring based on foot type. However, there is no objective data available here, so this is 

purely based on subjective opinion of the researcher.  

  

Another explanation why there are no significant differences between the runner group and the 

sedentary group may be because the ages were not well balanced. In the results, there is a 

significant difference between the ages of the 2 groups. In the sedentary group, there were mainly 

young 20-somethings and in the runners' group, they were mainly 30-40-year-olds. This may 

influence the test results to some extent.   

  

Also, there may have been a difference in the administration of the tests between the different 

investigators which may have made some test results less reliable. For example, with HHD, the 

results may be less reliable as too much may be pushed back by the examiner resulting in a higher 

value. On the other hand, the literature says that HHD reliability for knee flexion, extension and hip 

strength is reliable [42][43]. Especially for the full lower limb, HHD proves to be a reliable source 

for isometric muscle strength testing [44]. For the knee extensors, peak forces are underestimated 

by 32% though [44]. It should be kept in mind that in reality there could be larger peak forces 

present than the figures that were recorded.  

  

The next limitation of this study could be that it looked at recreational runners rather than elite 

runners. This study focused specifically on recreational runners so there might not have been 

significant differences when compared to sedentary people. With elite runners, this might be true 

as they often train more intensively and for longer durations so you might expect them to develop 

better muscle strength of the IFM to run more efficiently. As a result, postural control in elite runners 
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will also be better as they train longer and run at higher speeds which means the muscles of their 

postural system are trained better.  

  

Lastly, this study was a cross-sectional study. This has the limitation that it is about a snapshot and 

no changes over time are observed. As a result, these studies are subject to bias including selection 

bias, information bias and confounding.  

  

Conclusion 

Although runners were hypothesized to score better, no significant differences were found for all 

outcome measures between the running and sedentary group. However, more research is needed 

to confirm or disprove the findings of this study.   
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Appendix 2: Foot and Ankle Outcome Score (FAOS) questionnaire (1/4).  
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Appendix 3: Baecke questionnaire (1/3).   
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