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 When monitoring soccer athletes, dorsiflexion range of motion (DFROM) is of concern due 

to the movement profile and ball control that requires constant eccentric and concentric 

actions at the talocrural joint. These demands can contribute to overuse, which has been 

linked to restricted range of motion. Restricted DFROM and asymmetries have been 

identified as injury predictors, but their relationship to performance has little insight. 

Therefore, the purpose of this study was to investigate how DFROM, training load metrics, 

and performance metrics change throughout a season in elite soccer players, and to 

evaluate the relationships between DFROM, external training load metrics, and 

performance metrics. Fifteen professional male soccer players from a professional 

American team participated in the study. DFROM measurements and GPS metrics were 

quantified at preseason, midseason, lateseason, and postseason time points using the 

weight bearing lunge test (WBLT) and STATSport GPS. Separate repeated measures 

ANOVAs and Friedman’s tests for non-normally distributed variables were used to 

determine main effects for all measures across the three time points. There were significant 

main effects for DFROM asymmetry (x2 = 6.76, p = 0.034), AMP (p = 0.041), ATD (p = 

0.003), AHIA (p < 0.001), and AHID (p < 0.001). Proper load management may have 

reduced the training effects observed in previous studies on changes to DFROM and 

performance measures. However, clinically meaningful changes to DFROM were captured 

and support the monitoring of this measure throughout a soccer season.  
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1. Introduction  

Soccer athletes endure lengthy seasons with congested match and 

training schedules that often result in longitudinal stress, which 

may inflict performance implications and increased injury risk 

(Ranchordas et al., 2017). The stress experienced by athletes, both 

physical and mental, can manifest due to a multifaceted 

combination of prescribed training load, nutritional choices, and 

lifestyle factors (Alba-Jiménez et al., 2022). Of these individual 

components, training load is what practitioners can easily monitor 

through questionnaires, performance tests, and the quantification 

of external training load (Taylor et al., 2012). External training 

load is of great interest to practitioners as it is the objective 

physical work performed by an athlete during exercise. This can 

be quantified and monitored by using Global Positioning Systems 

(GPS) to obtain durations of running, accelerations, decelerations, 

changes of direction, number of sprints, and sprint distance. GPS 

systems can also calculate proprietary metrics such as explosive 

distance, inertial movement analysis, or player load, which 

quantify the volume of total load and high intensity movements. 

Monitoring the external training load placed on athletes can assist 

in ensuring proper periodization and allow practitioners to 

objectively identify when the imposed training load becomes 

excessive (Budgett, 1998; Knobloch et al., 2008; Miguel et al., 

2021). Monitoring changes of direction and intense accelerations 

may be especially beneficial due to the required rapid eccentric 
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movements that place stress on the musculature, and are known 

contributors to injury (LaStayo et al., 2003).  

A six-year prospective study of Major League Soccer players 

showed an overall injury incidence rate of 8.7 injuries per 1,000 

hours of exposure, with lower extremity injuries accounting for 

approximately 77% of all reported injuries (Forsythe et al., 2022). 

These findings make sense, as they align with the theorized effects 

of the imposed training load which could inflict high amounts of 

repeated strain loading throughout an 8-month competitive season 

(Dolci et al., 2020). However, this accumulation of training load 

can be managed through periodization strategies, which organize 

training in a structured pattern. Specifically, Leo Matveyev’s 

traditional periodization model hinges on volume and intensity 

possessing an inverse relationship. This proposes a high training 

volume and low intensity during the preparatory phase to allow 

for athletes to become adequately conditioned, a common 

foundation of performance. As the season progresses, the volume 

should gradually decrease while intensity progressively increases. 

This systematic approach aims to optimize athletes’ performance 

at a specific time during the season, while managing accumulated 

fatigue through a reduced volume. However, this may not always 

hold true in soccer because of unpredicted competitive calendars 

that are often characterized by congested match schedules, in-

season tournaments, international requests for representation in 

tournaments, and consistent training (Ranchordas et al., 2017). 

Hence, the importance of monitoring athletes and managing 

training load. 

Due to the unpredictable competitive calendar, appropriate 

periodization could be disrupted with sporadic spikes in volume. If 

training load is not sufficiently adjusted to account for these spikes, 

then an excess of training load may be experienced, imposing 

negative physical effects. Previous literature demonstrates that even 

a small micro-cycle can contribute to increases in quadricep and 

hamstring tissue stiffness (Rey et al., 2020, 2024). Therefore, it can 

be speculated upon that an insufficiently managed macro-cycle may 

substantially impact tissue properties.  Specifically, muscle 

stiffness is of great concern in athletics due to the inverse 

relationship displayed with range of motion (Hirata et al., 2020; 

Miyamoto et al., 2018). Range of motion is especially of concern in 

soccer as dynamic movements like jumping, changing direction, 

rapid accelerations, and rapid decelerations with and without 

simultaneous ball control are required (Cotteret et al., 2025). The 

literature provides a good theoretical framework of how a 

prescribed training load can influence tissue responses, but this 

concept has been focused on the major flexors and extensors of the 

thigh. However, the execution of this movement profile is also 

highly reliant on the triceps surae complex, which experiences rapid 

eccentric loading following initial foot contact. This eccentric 

loading is facilitated through the lengthening of the triceps surae as 

the ankle moves into dorsiflexion to absorb the impact, which is 

made possible through sufficient dorsiflexion range of motion 

(DFROM). Because soccer players often land in awkward positions 

due to the inherent movement profile, adequate DFROM is 

important as to allow the foot to land in contorted positions while 

properly dispersing impact (Fong et al., 2011; Hoch et al., 2015). 

Although not examined directly in soccer-specific populations, 

previous literature indicates that repeated plantarflexion loading 

may contribute to tissue adaptations that increase Achilles tendon 

stiffness, which can present as restricted DFROM (Geremia et al., 

2018). This is similar to previous observations made in the 

quadriceps and hamstrings but induced through different modalities. 

Without proper DFROM and symmetry between limbs, lower 

extremity injury risk becomes a concern due to the dynamic nature 

of soccer (Clark & Campbell, 2021; Hoch & McKeon, 2011).  

Performance implications have also been speculated upon due 

to insufficient DFROM. Previous literature found that sagittal 

plane kinematics during unanticipated sidestep cutting maneuvers 

were found less efficient in those with limited DFROM 

(Hanzlíková et al., 2022). It could also be theorized that the ability 

to land in different positions, due to the sufficient lengthening of 

the musculature, could mitigate the inefficiencies imposed 

through awkward landings. The availability for a compensatory 

landing strategy at the ankle due to increased DFROM could 

possibly allow for efficient transitions from absorption to 

propulsion (Fernández-Galván et al., 2025; Martín-Fuentes & van 

den Tillaar, 2022). A limited range of motion can present as 

tendon stiffness and an inability for efficient muscle lengthening, 

which does not permit proper impact absorption and efficient 

turnover. However, Achilles tendon stiffness has also shown a 

negative relationship with ground contact time in a drop jump task 

(Abdelsattar et al., 2018). This conflicting evidence suggests that 

higher Achilles tendon stiffness allows for a quicker elastic 

reaction and a quicker production of force, therefore increasing an 

individual's ability to efficiently move. As observed, there are 

many conflicting findings and principles used to speculate upon 

how DFROM may influence performance.  

The existing research lacks exploration between training load 

variables over a longitudinal period and changes in DFROM, 

which can introduce performance and injury implications. GPS 

technology in combination with periodic assessments of DFROM 

can be used to evaluate the relationship between external training 

load metrics, performance metrics, and DFROM throughout a 

season. A previous study conducted in professional Spanish 

soccer players evaluated the change in DFROM over the course 

of a season. A slight decrease in both limbs' DFROM from 

preseason to midseason and preseason to postseason was found 

(Moreno-Pérez et al., 2020). However, the study was only able to 

evaluate relationships between external training load factors and 

DFROM in an acute fashion for a singular match. Because 

training load may affect DFROM, which could influence 

performance, it could be beneficial to investigate the relationship 

over the course of a season.  

Therefore, the primary purpose of this study was to add to the 

existing literature investigating how ankle mobility (DFROM) 

may change throughout a season in elite soccer players. The 

secondary aim of this study was to observe how GPS metrics 

changed throughout a season, and to evaluate the relationships 

between DFROM, GPS derived external training load and 

performance metrics. The secondary aim allows for an 

exploration of relationships between any observed DFROM 

changes and training load, as well as a characterization of the 

club’s periodization strategy through identifying changes in 

external workload and performance.  

Aligning with previous literature, the athletes’ DFROM was 

hypothesized to decrease throughout the season due to increased 

muscle stiffness, which may originate from an increased training 

load (Moreno-Pérez et al., 2020). Metrics quantifying overall 

volume were hypothesized to increase over the three time points 

included in the season due to the unpredictable competitive 

calendar. Metrics quantifying intensity such as number of sprints 
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reaching > 5.5 m/s for at least 2 s, accelerations and decelerations 

between 3.0–10 m/s/s with minimum duration of 0.5 s were 

hypothesized to increase across the course of a season to allow for 

a peaking period. Performance values were hypothesized to 

change due to the unpredictable competitive calendar, inflicting 

fluctuations in training load. Correlational hypotheses predicted 

an inverse relationship between external training load metrics and 

DFROM change scores, a positive relationship between top speed 

and DFROM, an inverse relationship between average metabolic 

power and DFROM. 

2. Methods 

2.1. Participants 

A total of 15 participants from a male professional soccer team 

between the ages of 18 and 28 (24.0 ± 2.54 yrs) were included in 

the sample and were eligible for inclusion in the data analysis (age: 

24.0 ± 2.54 yrs; height: 181.02 ± 8.67 cm; weight: 75.23 ± 8.34 

kg; BMI: 22.9 ± 1.43 kg/m2). The participants varied by position, 

which permitted an inclusion of both attack and defensive players 

(Center backs = 3, Outside backs = 2, Center Midfielders = 4, 

Wingers = 3, and Forwards = 3). Ankle range of motion was 

conducted at the preseason, midseason, and postseason time 

points and training load data were gathered throughout the 

competitive season spanning from February to October. 

Participants were excluded if any of the following criteria were 

met: (a) entered the preseason testing as injured, (b) major injury 

sustained during the season resulting in insufficient data for one 

or more parts of the season, (c) departed from the club. Upon 

player permission, we relayed data gathered from testing to the 

team’s sport medicine/performance staff. We did not perform, 

track, or manipulate any interventions. This study was approved 

by Georgia Southern University’s institutional review board 

under protocol #H18054. All participants were provided and 

signed an informed consent form and had the ability to ask 

questions prior to the start of testing. 

Preseason was defined as a 6-week period spanning from the 

first practice to the last practice prior to a competitive match. 

Midseason was defined as a 23-week period spanning from the 

first match to the 25th match. Lateseason was defined as a 7.5-

week period spanning from the training session following the 25th 

match to the last match of the season. The lateseason terminology 

only refers to the GPS metrics, as referring to GPS metrics as 

“postseason” would imply that training is occurring following the 

conclusion of the season, which is not the case. Postseason was 

defined as the period after the last match of the season and only 

pertains to DFROM measurements, as these were taken after the 

lateseason period of the competitive calendar. 

2.2. Instrumentation and measurement 

2.2.1. Weight-bearing dorsiflexion test 

Athlete’s static DFROM was obtained through the weight bearing 

lunge test (WBLT) with values being recorded in centimeters, in 

accordance with previous literature (Bennell et al., 1998; Clark & 

Campbell, 2021; Hoch & McKeon, 2011). A measuring tape was 

secured to the floor, and participants were told to place the great 

toe of one foot on top of and aligned with the measuring tape. 

Participants were then instructed to stand as close to the wall as 

necessary to easily lunge and contact the wall with their knee in a 

self-selected staggered lunge stance. The research team 

encouraged participants to continue to move their foot further 

from the wall by 1 cm at a time and attempt to touch their knee to 

the wall when lunging. The athlete was not allowed to brace 

against the wall, and the non-test foot was positioned posterior to 

the test foot to maintain a lunge.  Once the participant could not 

increase the distance by 1 cm without the heel lifting or the shank 

rotating, the foot was moved back in smaller increments. This 

continued until the furthest distance was achieved where the 

participant’s knee touched the wall, and the heel of the foot being 

measured remained on the floor with the shank in a neutral 

position. The distance from the athlete’s big toe to the wall was 

recorded to the nearest 0.1 cm. To maintain testing efficiency, 

each athlete’s DFROM measurement was taken once on each leg. 

The normative values were set in accordance with previous 

literature at 12 cm with a less than 1.5 cm difference between the 

right and left limbs (Clark & Campbell, 2021; Hoch & McKeon, 

2011). This measurement was taken the exact same way for the 

three time points throughout the whole season for both non-

dominant and dominant limbs (DFROMPreseason, DFROMMidseason, 

DFROMPostseason). Asymmetries were calculated for each DFROM 

value by subtracting a dominant limb measurement from the non-

dominant limb measurement or vice versa. 

WBLT was selected for measuring ankle DFROM due to its 

functional nature and supported reliability. Inter-rater reliability 

ICC values have been reported as 0.99 (95% CI: 0.97-0.99), with 

intra-rater reliability ranging from 0.97 (95% CI: 0.90-0.99) to 

0.98 (95% CI: 0.93-0.99) across raters (Bennell et al., 1998). Due 

to the hours of experience needed to accurately use a goniometer, 

the WBLT is better suited for novice clinicians (Hankemeier & 

Thrasher, 2014). The research team consisted of four members 

that collected data, two of which had a limited exposure to the 

WBLT prior to the investigation. To account for this, the research 

team reviewed the associated protocols and performed practice 

measurements to ensure preparedness prior to every data 

collection time point. 

2.2.2. Performance and external training load variables 

Performance and training load variables were measured by 

STATSport GPS units that were assigned to each player at the 

beginning of the season. GPS units operated on a 10 Hz frequency. 

External training load was quantified by total distance covered, 

number of sprints reaching > 5.5 m/s for at least 2 s, and 

accelerations and decelerations between 3.0–10 m/s/s with 

minimum duration of 0.5 s by default. The performance variables 

included top speed (m/s) and average metabolic power (W/kg).  

2.3. Procedures 

The first testing session of the WBLT occurred prior to the team’s 

first organized training session. All participants were briefed on 

the testing procedures and time was allotted for questions. Testing 

occurred in the biomechanics laboratory. There were multiple 

stations of the WBLT, each with a trained investigator. The first 

test session was where participants were given their de-

identifying participant code that was then used for all dorsiflexion 
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data management. A ~10-minute standard dynamic warm-up was 

performed by all participants prior to the testing, which was led 

by the team’s lead strength and conditioning coach. Athletes were 

instructed to treat the warm-up as if they were preparing for a 

training session, and this was reflected through the strength and 

conditioning coach’s employment of dynamic movements 

commonly utilized prior to a training session. Midseason testing 

occurred at the team’s gym facility the morning before the team’s 

first organized training session following the 25th match and 

followed the same protocol. Postseason testing occurred in the 

team’s locker room facility in the week following the last match 

and followed the same protocol. 

Training load monitoring occurred from the first organized 

training session of the preseason all the way to the last match of the 

season. Investigators were on site for all training sessions and home 

matches to facilitate the distribution of equipment, proper use of 

equipment, collection of equipment, and data transfer. When 

necessary, the research team requested that the performance and 

athletic training staff facilitated the distribution and use of 

equipment to the best of their ability during away matches. 

2.4. Data analysis 

To calculate preseason, midseason, and lateseason performance 

variables, the maximum value from each week of the designated 

period per participant was used for analysis. These values were then 

averaged across the weeks within the individual season time frames 

(pre/mid/late) for each participant. From this calculation, average 

top speed (ATSPreseason, ATSMidseason, ATSLateseason) and average 

metabolic power (AMPPreseason, AMPMidseason, AMPLateseason) value 

for each participant for each period were derived. This method was 

chosen to account for the variations in the type of training session 

that occur each week to provide a value that best represents the 

participants’ performance. To calculate preseason, midseason, and 

lateseason quantitative training load metrics, we averaged the 

training load variables from each day of the week of the designated 

period per participant creating a weekly average. These values were 

then averaged across the weeks within the individual season time 

frames (pre/mid/late) for each participant. Matches were also 

included for training load and performance variable calculations to 

capture a true training load analysis. From these calculations the 

investigators derived representative values for each participant 

from each period for average total distance (ATDPreseason, 

ATDMidseason, ATDLateseason), average high intensity accelerations 

(AHIAPreseason,AHIAMidseason, AHIALateseason), average high intensity 

decelerations (AHIDPreseason, AHIDMidseason, AHIDLateseason), and an 

average number of high intensity sprints (AHISPreseason, 

AHISMidseason, AHISLateseason).  

To evaluate the relationship between changes in DFROM and 

training load, change scores were calculated from the three 

dorsiflexion measurements (DFROMchange1 = midseason – 

preseason, DFROMchange2 = postseason-midseason, and 

DFROMOverall = postseason- preseason). Since midseason DFROM 

values were measured after the preseason and midseason, 

DFROMchange1 was evaluated for relationships with training load 

averaged over both the preseason and midseason period. 

DFROMchange2 was evaluated for relationships with training load 

averaged over the lateseason period. DFROMOverall was evaluated 

for relationships with average training load and over the entire 

season. To assess possible correlations between DFROM and 

performance, the three DFROM measurements were evaluated for 

relationships with corresponding performance variables. Limb 

asymmetries were also assessed based on DFROM scores between 

dominant and non-dominant limb. Limb asymmetry was measured 

as the absolute value of dominant limb DFROM subtracted by non-

dominant DFROM.  

2.5. Data statistical analysis 

A priori power analyses were conducted for repeated measures 

ANOVA using G*Power (version 3.1.9.7). A priori power 

analysis using a moderate effect size (f = 0.25) revealed that at 

least 28 participants would yield 80% power at an α = 0.05 for a 

within-subjects repeated measures ANOVA. This study did not 

have the sample size (N = 15) necessary to produce 80% power 

using a moderate effect size (f = 0.25) at an α = 0.05. It is 

important to acknowledge that professional athletes are generally 

inaccessible and unavailable for research purposes, which often 

results in smaller sample sizes. Additionally, to be included in the 

analysis, athletes had to remain injury-free for the entirety of the 

season, which is often not possible due to the cumulative stress 

consistently placed on professional athletes. When using the 

smallest observed effect size (ŋ2
p: 0.07) from the DFROM 

measurements, a post hoc power analysis for within subjects 

repeated measures ANOVA revealed that our sample size 

produced 61% power. An observational approach to clinically 

evaluate changes in DFROM was also implemented using the 

smallest worthwhile change (SWC). SWC was calculated as 0.2 

multiplied by the preseason (baseline) between-subjects standard 

deviation, representing a small effect size. This additional 

analysis was employed as a complementary analytical tool due to 

the small ecologically valid sample from a professional soccer 

club (Buchheit et al., 2014; Hopkins, 2004). 

All statistical analyses were completed using Jamovi software 

(Version 2.6.23; Sydney, Australia). Overall descriptive statistics 

including means and standard deviations were calculated for 

WBLT of each limb based on dominant and nondominant limb, 

training load variables (4), and performance variables (2) for 

preseason, midseason, lateseason, and postseason. WBLT scores 

were categorized as normal or restricted according to normative 

values established through previous literature. The alpha level was 

set at 0.05 to determine significance and partial eta squared effect 

sizes were reported to assess the magnitude of significant main 

effects. All data satisfied parametric assumptions, as determined 

through the Shapiro-Wilk test, except for the following measures: 

preseason and postseason asymmetry, preseason and postseason 

average metabolic power. Separate one-way repeated measures 

ANOVAs were used to determine differences in dominant and non-

dominant DFROM values, performance variables (1), and training 

load metrics (4) over preseason, midseason, lateseason, and 

postseason time periods. However, due to the violation of normality, 

differences in DFROM asymmetry values and average metabolic 

power values were determined through Friedman’s test. Post-hoc 

analysis was conducted using Bonferroni pairwise comparisons to 

explore any significant main effects for normally distributed 

variables, whereas post hoc tests for non-normally distributed 

variables were conducted through individual Wilcoxon signed-rank 

tests. Cohen’s d effect sizes were calculated to further our 
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understanding of any normally distributed statistically significant 

findings which were interpreted as: 0.2 = small, 0.5 = moderate, and 

0.8 = large. Non-normally distributed effect sizes were calculated 

through Rank biserial correlations. Pearson’s correlation r 

coefficients were calculated to determine the relationship between 

DFROM, ATS, and AMP, as well as the relationship between 

DFROM change scores, ATD, AHIS, AHIA, AHID. Due to the 

number of variables being correlated, the alpha level for the 

correlational analysis was set at 0.01 to reduce the probability of 

making a type I error. 

3. Results 

3.1. Overview 

The descriptive values (Mean ± SD) and changes of the DFROM 

scores are reported in Table 1. The descriptive values (Mean ± SD) 

and changes of all GPS monitored performance and training load 

variables are reported in Table 2. The correlation analysis between 

change scores and training load variables is reported in Table 3, 

and the results between DFROM and performance variables are 

reported in Table 4. 

 

Table 1. Descriptive statistics (Mean ± SD) and p-values for differences between DFROM values. 

Variable Preseason Midseason Postseason p SWC 

Pre- to 

midseason 

change 

Mid- to 

postseason 

change 

Pre- to 

postseason 

change 

Dominant (cm) 8.90 ± 2.75 8.21 ± 2.57 8.11 ± 2.89 0.065 ± 0.550 ₋0.687† ₋0.107 ₋0.790† 

Non-dominant (cm) 9.33 ± 2.31 8.87 ± 2.84 8.77 ± 2.65 0.346 ± 0.462 ₋0.467† ₋0.100 ₋0.560† 

Limb asymmetry (cm) 0.83 ± 0.88 1.68 ± 1.28 1.34 ± 1.07 0.034*a ± 0.177 0.850† ₋0.340† 0.510† 

Notes: *significant main effect, asignificant difference between preseason and midseason, †change score exceeds the smallest worthwhile 

change (SWC = 0.2 × preseason SD). 

 

Table 2. Descriptive statistics (Mean ± SD) and p-values for differences between performance and external training load variables. 

Variable Preseason Midseason Lateseason p 

ATS (m/s) 08.50 ± 00.35 08.48 ± 00.48 08.60 ± 00.71 0.676 

AHIS (#/session) 11.52 ± 04.74 11.20 ± 04.52 10.25 ± 03.20 0.337 

AMP (W/kg) 09.51 ± 01.51a,c 08.59 ± 01.17 08.37 ± 01.63 0.041* 

ATD (km/session) 04.93 ± 00.40a,c 04.60 ± 00.48 04.45 ± 00.56 0.003* 

AHIA (#/session) 50.19 ± 12.37a,c 38.45 ± 08.34b 41.69 ± 08.25 < 0.001* 

AHID (#/session) 41.97 ± 12.11a,c 32.18 ± 08.28 33.04 ± 09.00 < 0.001* 

Notes: ATS: Average Top Speed; AHIS: Average High Intensity Sprints; AMP: Average Metabolic Power; ATD: Average Total 

Distance; AHIA: Average High Intensity Accelerations; AHID: Average High Intensity Decelerations. *significant main effect, 
asignificant difference between preseason and midseason, bsignificant difference between midseason and lateseason, csignificant 

difference between preseason and lateseason.  

 

Table 3. Correlation analysis between non-dominant and dominant DFROM change scores and training load. 

 Preseason to midseason Midseason to postseason Overall season 

 p r p r p r 

Non-dominant limb vs.       

Average total distance 0.632 ₋0.134 0.110 0.429 0.475 0.199 

Average high-intensity accelerations 0.189 ₋0.358 0.159 0.382 0.611 ₋0.143 

Average high-intensity decelerations 0.426 ₋0.222 0.201 0.349 0.685 ₋0.114 

Average high-intensity sprints 0.153 ₋0.388 0.535 0.174 0.149 ₋0.390 

Dominant limb vs.       

Average total distance 0.967 0.011 0.962 ₋0.013 0.589 ₋0.151 

Average high-intensity accelerations 0.767 ₋0.083 0.759 ₋0.086 0.905 ₋0.003 

Average high-intensity decelerations 0.839 ₋0.057 0.481 ₋0.197 0.848 0.054 

Average high-intensity sprints 0.368 ₋0.250 0.465 ₋0.204 0.434 0.218 
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Table 4. Correlation analysis between non-dominant and dominant DFROM measurements and performance variables. 

 Preseason Midseason Postseason/Lateseason 

 p r p r p r 

Non-dominant vs.       

Top speed 0.317 ₋0.277 0.36 ₋0.251 0.579 ₋0.155 

Average metabolic power 0.772 ₋0.081 0.534 ₋0.174 0.641 ₋0.131 

Dominant vs.       

Top speed 0.184 ₋0.362 0.183 ₋0.363 0.377 ₋0.246 

Average metabolic power 0.630 ₋0.135 0.557 0.164 0.879 ₋0.043 

 

 

The correlation analysis yielded no significant or meaningful 

findings between DFROM change scores and training load 

variables (p > 0.010) or DFROM and performance measures (p > 

0.010).  

Statistical analysis showed no significant main effects in 

dominant limb DFROM (F(2, 28) = 3.025, p = 0.065,  ŋ2
p = 0.178), 

non-dominant limb DFROM (F(2, 28) = 1.103, p = 0.346, ŋ2
p  = 

0.073), ATS (F(1.28, 17.94) = 0.257, p = 0.676, ŋ2
p = 0.018), and 

AHIS (F(2, 28) = 1.13, p = 0.337, ŋ2
p = 0.075) over the course of 

the season. Both dominant and non-dominant DFROM change 

scores from preseason to midseason and preseason to postseason 

exceeded the established SWC values (Table 1). Asymmetry 

change scores exceeded the established SWC across all three time 

periods (Table 1). 

3.2. Dorsiflexion range of motion asymmetry 

Due to the violation of normality, a Friedman’s test was 

conducted to determine differences between the three measures of 

DFROM asymmetries. Friedman’s test yielded a significant main 

effect (x2 = 6.758, p = 0.034). Individual Wilcoxon signed-rank 

tests were conducted to evaluate significant differences, which 

were observed only between preseason and midseason (p = 0.011, 

rrb = -0.758). However, asymmetry values between preseason and 

postseason approached significance (p = 0.051, rrb = -0.575). 

3.3. Average metabolic power 

Due to the violation of normality, Friedman’s test was conducted 

to determine differences between the three measures of AMP. 

Friedman’s test yielded a significant main effect (x2 = 12.933, p = 

0.002). Individual Wilcoxon signed-rank tests were conducted to 

evaluate significant differences, which were observed between 

the following measures: preseason and midseason (p = 0.015, rrb 

= 0.700), preseason and lateseason (p = 0.012, rrb = 0.716).  

3.4. Total distance, high intensity accelerations and 

decelerations 

There was a significant main effect among the three measures of 

ATD (F(2, 28) = 7.229, p = 0.003, ŋ2
p = 0.341) and no violations 

of sphericity were detected. The post hoc pairwise comparisons 

showed a statistically significant decrease between preseason and 

midseason (p = 0.03; d = 0.747). There was also a statistically 

significant decrease between preseason and lateseason (p = 0.031; 

d = 0.986). Post hoc pairwise comparisons showed no statistically 

significant difference between midseason and lateseason (p = 

0.524).   

Based on the Greenhouse-Geisser adjustment, used due to a 

violation of sphericity in both measurements, there was a 

significant main effect among the three measures of AHIA 

(F(1.25, 17.53) = 21.619, p < 0.001, ŋ2
p = 0.607) and AHID 

(F(1.19, 16.68) = 14.685, p < 0.001, ŋ2
p = 0.512). For AHIA, post 

hoc pairwise comparisons showed a statistically significant 

decrease between preseason and midseason (p < 0.001; d = 1.113), 

and preseason and lateseason (p = 0.010; d = 0.799), and a 

statistically significant increase between midseason and 

lateseason (p = 0.033; d = 0.381) (Table 2). For the AHID, post 

hoc pairwise comparisons showed a statistically significant 

decrease between preseason and midseason (p < 0.001; d = 0.944) 

and preseason and lateseason (p = 0.020; d = 0.837). However, 

post hoc paired samples t-tests showed no statistically significant 

difference between midseason and lateseason (p > 0.999). 

4. Discussion 

The purpose of this study was to evaluate how DFROM and GPS 

monitored metrics change across the span of a professional 

American soccer season, as well as to evaluate dorsiflexion’s 

relationship to GPS monitored performance metrics and external 

training load metrics.  

Our statistical results did not support previous literature that 

observed statistically significant differences between DFROM 

measurements at three different points throughout the season 

(Moreno-Pérez et al., 2020). Despite non-significant p-values, the 

analysis of changes in dorsiflexion yielded a medium effect size 

in the dominant limb measurements (ŋ2
p = 0.178) and a small-to-

medium effect size in the non-dominant measurements (ŋ2
p = 

0.073), indicating meaningful variance across time points. The 

lack of statistical significance could be attributed to a small 

sample size, contributing to a lack of statistical power relative to 

the a priori sample size requirement. Moreno-Perez et al. (2020) 

observed a similar overall change in the means of the sample 

between the three time points, yet their findings were statistically 

significant, likely due to a sample size more than double the 

current study. These statistical observations suggest that looking 

into the changes in sample means is worth analyzing beyond 

statistical significance. If the results are viewed from a clinical 

perspective, it is observed that DFROM did decrease in both 
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dominant and non-dominant limbs throughout the season (Table 

1). Both dominant and non-dominant DFROM change scores 

from preseason to midseason (dominant DFROM: ₋0.687 cm; 

non-dominant DFROM: ₋0.467 cm) and preseason to postseason 

(dominant DFROM: ₋0.790 cm; non-dominant DFROM: ₋0.560 

cm), exceeded the established SWC (dominant SWC:  0.550 cm; 

non-dominant SWC:  0.462 cm). However, the change from 

midseason to postseason did not exceed the established SWC 

values (Table 1). This is likely explained by the proportions of the 

season as athlete availability led to uneven time periods between 

measurements. The preseason to midseason period accounted for 

23 weeks of the season, whereas the midseason to postseason 

period only accounted for 7.5 weeks of the season. Additionally, 

asymmetry between limbs displayed a statistically significant 

difference between the preseason and midseason. This difference 

was accompanied with a moderate to strong negative rank biserial 

correlation, indicating that preseason asymmetry means were 

notably lower than midseason means. Similarly, the difference 

between asymmetry means at preseason compared to postseason 

approached statistical significance and displayed a moderate 

negative rank biserial correlation (Table 1). The clinical 

significance also aligns with the statistical significance, as the 

change in DFROM asymmetry from all three periods of the season 

exceeded the established SWC (Table 1).  

This suggests that regardless of possessing an adequate range 

of motion in either limb, an asymmetry between limbs could have 

been developed at midseason and persisted for the remainder of 

the season. When the asymmetry between limbs is greater than 

1.5 cm, it indicates that the participant is now at risk for injury 

(Table 1) (Baggett & Young, 1993; Clark & Campbell, 2021; 

Hoch & McKeon, 2011). Further, asymmetry between limbs 

increased from 13% of participants at preseason to 46% at the 

midseason time point and 40% at the postseason time point. While 

statistical significance was not present between all three time 

points, the clinical significance is notable and supports the 

monitoring of DFROM.  

While the decreases may be expected due to an accumulated 

training load, it is important to acknowledge that testing results 

were provided to the players and sports medicine staff, as well as 

an educational session about what their results mean. Yet, the club 

still saw decreases throughout the season. So, even if some players 

felt motivated to seek help from the support staff to improve their 

DFROM, it is possible that a decrease in range of motion was 

inevitable. This continues to highlight the need to monitor DFROM 

to gauge injury risk. Another aspect of the present study and 

previous studies is the proximity to normative values for all 

participants. The highest team mean for DFROM between both 

limbs was around 9 cm in the non-dominant leg, which does not 

approach the established normative value of 12 cm (Baggett & 

Young, 1993; Clark & Campbell, 2021; Hoch & McKeon, 2011). 

The average values of dominant and non-dominant DFROM 

observed from this sample were consistent with previous literature 

analyzing professional soccer players, ranging from 8–10 cm 

(Clark & Campbell, 2021; Moreno-Pérez et al., 2020). Considering 

these findings, it should be noted that many elite soccer players 

might not reach the 12 cm benchmark. This observation should 

prompt the need to evaluate lowering the normative value from 12 

cm to 9 cm, especially for high level soccer players. 80% to 86% of 

this sample did not have adequate DFROM at any point throughout 

the competitive season, putting themselves at a continuous risk for 

injury for the entirety of the season. 

The results suggest that over the 9-month-long season the 

team utilized load management to the best of their ability to allow 

for a peaking period to be achieved. The lack of change in ATS 

also confirms that the load management was adequate to maintain 

performance throughout the season. When considering the 

definition of AMP, the observed decrease from preseason could 

indicate that the load management was adequate to maintain 

performance and elicit appropriate physiological responses from 

the participants in response to the training load. Taking into 

consideration all these principles and observations, it can be 

inferred that periodic assessments of DFROM are worthwhile for 

monitoring injury risk. Due to the evidence supporting adequate 

load management from this soccer club and the lack of correlation 

between DFROM and the selected GPS variables, we can 

speculate that DFROM may not be entirely related to performance, 

and the changes in dorsiflexion occur independently of the listed 

external training load metrics. A different outcome may emerge if 

larger samples from other clubs with different training principles, 

particularly those not adhering to proper load management, are 

considered. 

One of the limitations of this study was technology issues at 

away matches and minor injuries that caused a few days of missed 

practice throughout the week to prepare for matches. Soccer 

players may be summoned to play for their country in 

international tournaments, resulting in 1–2 weeks of gaps in data. 

Due to the small amount of unusable data and missed days of 

training in comparison to the magnitude of total data collected 

through the nine-month season, the investigators do not believe 

that the missing GPS data would have substantially changed the 

results. The body weight of players was not updated continuously 

throughout the season, resulting in some possible unaccounted 

variation in body weight-based variables. Due to athlete 

availability, the time at which midseason testing was conducted 

extended the designated duration of the midseason to be much 

longer compared to both the preseason and late season, possibly 

influencing the magnitude of change observed at the midseason 

time point in comparison to the late/postseason time point. Players 

and staff were educated on their periodic testing results and what 

they meant. Due to this disclosure, reactive effects of testing could 

occur, and players who are motivated to optimize their 

performance could have been participating in unaccounted 

mobility work to increase their range of motion. All participants 

were part of a convenience sample that resulted in a small sample 

size, which substantially reduced the statistical power, which is 

why the SWC was utilized to establish a clinical relevance 

threshold. It is also important to acknowledge that SWC is 

primarily used to identify clinically meaningful change at the 

individual level. Therefore, group means exceeding the SWC 

threshold do not confirm that every athlete experienced 

meaningful change, but it does provide a standardized threshold 

for quantitatively evaluating clinical significance. Conducting this 

same study with a larger sample size with multiple soccer clubs 

from different leagues would increase the meaningfulness, 

reliability, and generalizability of results to provide further insight. 

It was also assumed that every participant gave full effort for 

measurements and every GPS monitored session. 
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