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 Validating Field Methods to Estimate the Pelvic Tilt in Sprinting 
and the Relationship between Prior Hamstring Injury  

and the Pelvic Tilt in Elite Female Soccer Players 

by 
András Hegyi 1,2,*, Aurélie Sarcher 2, Fabien Varenne 2, Alexis Mornet 2,  

Jean-Philippe Cadu 3, Lena Carcreff 2, Lilian Lacourpaille 2 

An excessive pelvic tilt in the late swing phase of sprinting may be associated with an increased risk of hamstring 
injury. Nevertheless, research including female athletes is scarce. Furthermore, it is essential to validate simple on-field 
methods. This study consisted of two experiments. Experiment I assessed the validity of two 2-D video-based methods: i) 
the kick-back score calculated from thigh angles at the toe-off and the touchdown; and ii) the pelvic tilt estimated by a line 
connecting two markers on the pelvis. Twelve soccer players sprinted for 30 m, and 3-D motion capture data and 2-D 
sagittal plane video were recorded. Experiment II aimed to compare the above 2-D methods in recently injured (n = 7) 
and non-injured (n = 18) professional female soccer players. In Experiment I, no correlation was found between the kick-
back score and the pelvic tilt assessed using 3-D motion capture (rho = −0.224, p = 0.242). Two-D camera-based estimation 
of the pelvic tilt correlated with the 3-D pelvic tilt (r = 0.89–0.94, p < 0.001). In Experiment II, the kick-back score was 
not significantly different between groups (d = 0.11, p = 0.41). The pelvic tilt was higher in the previously injured than 
in non-injured players in the late swing phase (d = −0.79, p = 0.03). Our results suggest that the kick-back score is not 
associated with the pelvic tilt. Nevertheless, the estimation of the pelvic tilt in field settings is feasible through the tracking 
of two markers on the pelvis in the sagittal plane. Additionally, longitudinal studies are recommended to gain deeper 
understanding of the excessive pelvic tilt in previously injured female soccer players.   
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Introduction 

Hamstring muscle strain injuries represent 
a significant challenge in sports that involve 
sprinting. These injuries predominantly manifest 
in the biceps femoris muscle during the late swing 
phase of sprinting. In vitro studies have 
demonstrated that increased muscle fibre strain 
and decreased ability to absorb energy within the 
muscle result in muscle failure (Garrett et al., 1987; 
Lieber and Fridén, 1993). Although quantifying 
muscle fibre strain in vivo remains a significant 
challenge, a number of intrinsic risk factors, which 
may affect fibre strain, have been identified. These 
include reduced maximal eccentric knee flexion 

strength (Bourne et al., 2015), short biceps femoris 
fascicle length (Timmins et al., 2016), high 
hamstring muscle-tendon unit stiffness (Watsford 
et al., 2010), altered intermuscular activation 
patterns (Schuermans et al., 2017a), and altered 
kinematics in the swing phase of sprinting 
(Kenneally-Dabrowski et al., 2019; Schuermans et 
al., 2017b). Regarding kinematics, the study of 
Schuermans et al. (2017b) suggests that an 
excessive anterior pelvic tilt in the late swing 
increases the risk of strain injury in the biceps 
femoris of male soccer players. This can be 
attributed to the fact that the biceps femoris muscle 
is originated from the ischial tuberosity (posterior-
distal side of the pelvis). The pelvic tilt shows a  
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biphasic pattern throughout the sprint cycle, with  
the highest anterior tilt occurring in the early swing 
(short hamstring length) and in the late swing 
(long hamstring length) (Higashihara et al., 2015; 
Nagano et al., 2014). In the late swing phase, which 
is when hamstring injuries most commonly occur, 
musculoskeletal modelling has shown that an 
increased anterior pelvic tilt leads to an increased 
strain in the biceps femoris (Thelen et al., 2006). 
However, it is important to note, that the pelvic tilt 
is typically measured relative to the horizontal 
plane, which does not take into account the 
position of the femur and tibia. Consequently, the 
hip and knee angles, which are crossed by the 
hamstrings, are not accurately represented. 
Furthermore, modelling studies do not take into 
account any compensatory mechanisms that may 
occur in real-life scenarios. Thus, further 
experimental evidence is required to elucidate the 
relationship between the pelvic tilt angle and 
hamstring length. Assuming that the pelvic tilt and 
the hamstring length are related, monitoring the 
pelvic tilt for the purposes of screening and 
assessing changes in response to training 
interventions is a valuable tool in many sports. The 
implementation of straightforward and validated 
methodologies is of paramount importance for the 
accurate assessment of the pelvic tilt in field 
settings. 

To estimate pelvic tilt-related hamstring 
length deficits, Lahti et al. (2020) introduced the 
measurement of the kick-back score in male 
professional soccer players. The kick-back score is 
a composite score of two angles: the thigh angle 
(relative to the horizontal) at the toe-off of the same 
leg and the thigh angle at the foot strike of the 
contralateral leg. A higher kick-back score 
indicates a shift towards a front-side dominant 
technique, which is considered to be more optimal 
than a lower score, which indicates a more back-
side dominant technique (Lahti et al., 2020). 
However, the kick-back score does not offer direct 
insight into the position of the pelvis. The concept 
of using thigh angle measurements to ascertain the 
pelvic tilt was derived from the observation that 
alterations in the pelvic tilt in response to training 
interventions were accompanied by corresponding 
changes in the thigh angle (Mendiguchia et al., 
2022). Most studies that observed the pelvic tilt 
used three-dimensional (3-D) motion capture 
systems, while the kick-back score can be 
calculated from sagittal-plane two-dimensional  

 
(2-D) images. The kick-back score has the potential 
to become a popular measure in sprint-based 
sports due to its simplicity and the ease with which 
it can be calculated. Nevertheless, the relationship 
between the thigh angle relative to the horizontal 
plane and the incidence of hamstring injuries has 
not been previously established. Furthermore, the 
use of the kick-back score as a surrogate for the 
pelvic tilt remains to be validated. In lieu of using 
a sophisticated 3-D motion capture system, sagittal 
plane video analysis of reflective markers 
positioned on the pelvis may offer an estimation of 
the pelvic tilt angle with an acceptable degree of 
precision.  

It is important to note that research 
relating the pelvic tilt to the incidence of hamstring 
injuries is limited. A previous study has shown 
that an excessive anterior pelvic tilt in sprinting 
may be associated with an elevated risk of 
hamstring injuries among soccer players 
(Schuermans et al., 2017b). Some retrospective 
studies on athletes engaged in sprint-based sports 
have identified differences in the pelvic tilt angle 
between those who have sustained injuries and 
those who have not (Daly et al., 2016; Higashihara 
et al., 2019). On the contrary, Kenneally-Dabrowski 
et al. (2019) did not identify the pelvic tilt as a risk 
factor for hamstring injuries in elite rugby players. 
Furthermore, the aforementioned studies 
exclusively focused on male athletes. Although the 
incidence of hamstring injuries is comparable or 
higher in male than in female soccer players, 
hamstring strain remains the most common injury 
type among female soccer players (Horan et al., 
2022; Nilstad et al., 2014). From an anatomical 
standpoint, the female pelvis is distinguished by its 
relatively larger size, wider breadth, and the 
greater distance between the ischial tuberosities, 
which are also more medially projected (Fischer 
and Mitteroecker, 2017). It can be assumed that 
these anatomical features may amplify the impact 
of the pelvic tilt angle on the lengths of the 
hamstrings in female athletes. In contrast, the 
hamstrings of female athletes are more compliant 
(Blackburn et al., 2009), which may decrease the 
risk imposed by an anteriorly tilted pelvis. 
Therefore, studies are essential to elucidate the 
potential relationship between the pelvic tilt and 
the risk of hamstring injuries in female athletes. 

To enhance our comprehension of the 
topic, a two-part experiment was designed. The  
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aim of Experiment I was to examine the association 
between 1) the thigh angle (2-D video) and the 
pelvic tilt angle (3-D motion capture) at the toe-off 
and the foot strike; 2) the pelvic tilt angle (2-D 
video) and the pelvic tilt measured by a 3-D motion 
capture at the toe-off, the foot strike, and the late 
swing phase; and 3) the kick-back score (2-D video) 
and an equivalent composite score for the pelvic 
tilt (3-D motion capture). We also aimed to assess 
whether there was a correlation between the pelvic 
tilt and the length of the biceps femoris muscle-
tendon unit in the late swing phase of sprinting. 
We hypothesized that, of the two video-based 
methods, estimation of the pelvic tilt based on 2-D 
video would show a positive correlation with the 
pelvic tilt as measured by 3-D motion capture. No 
correlation was expected between the pelvic tilt 
and the kick-back score. We also hypothesized that 
an increased anterior pelvic tilt would be 
correlated with longer biceps femoris length in the 
late swing phase of sprinting.  

The objective of Experiment II was to 
investigate the differences in the pelvic tilt and the 
kick-back score between previously injured and 
non-injured soccer players. It was anticipated that 
the recently injured players would demonstrate a 
more pronounced anterior pelvic tilt and that there 
would be no significant difference in the kick-back 
score between the recently injured and non-injured 
players.  

Methods 
Participants 

In both experiments, the maximum 
number of participants was limited by the 
constraints of available resources. Furthermore, 
there is a paucity of knowledge regarding the 
smallest effect sizes that are practically 
meaningful. This has hindered our ability to 
perform effective a priori power analyses. 

In Experiment I, 12 healthy soccer players 
without previous hamstring injuries (7 females, 5 
males, age 20 ± 3 years, body height 1.72 ± 0.1 m, 
body mass 67 ± 9 kg) were recruited from local 
soccer clubs. They had mean weekly practice 
duration of 9 ± 3 h. Further exclusion criteria were 
any lower-limb injury or surgery in the previous 
twelve months. In Experiment II, 25 professional 
female soccer players of FC Nantes participated 
(age 23 ± 4 years, body height 1.64 ± 0.04 m, body 
mass 58 ± 6 kg), seven of which had a hamstring  
 

 
injury 71 ± 32 days prior to the experiment (three 
injuries in the right leg). The remaining 
participants had no history of hamstring injury 
within the six months preceding the testing period. 
We aimed to include players from the same team 
in this experiment, thereby ensuring that both the 
injured and the non-injured were sampled from 
the same population. A hamstring injury was 
defined as an acute sudden onset of pain in the 
posterior thigh that occurred during training or 
match play resulting in immediate termination of 
activity and inability to participate in the 
subsequent training session or match. In all cases, 
the diagnosis was corroborated by a qualified 
medical practitioner. All participants provided 
informed written consent prior to participation, in 
accordance with the guidelines set by the 
Declaration of Helsinki. All procedures were 
approved by the Comité de protection des 
personnes Ile de France I (approval code: CPP IDF 
I, n°2018-A02675-50; approval date: 9 November 
2021). 

Measures 

In both experiments, 2-D kinematics were 
recorded using a high-resolution video camera 
(12MPx camera of iPhone XS, Apple Inc., CA, USA) 
placed 1.2 m high, at 15 m along the 30 m sprint 
distance, 10 m away from the running track, at a 
sampling frequency of 240 Hz. Experiment I was 
conducted within a stadium setting, necessitating 
the use of a strobe light to enhance the visibility of 
the retro-reflective markers on the 2-D video 
recordings. In Experiment I, 3-D kinematics were 
recorded using an 8-camera 3-D infrared motion 
analysis system (Vero 2.2, VICON, Oxford, UK) in 
the same space where 2-D data were collected, at a 
sampling frequency of 240 Hz. Players who had 
sustained an injury to their left leg were instructed 
to sprint in the opposite direction to the rest of the 
group to facilitate the collection of data from the 
injured side. The right leg was measured for all 
athletes without a recent hamstring injury due to 
the practical considerations of convenience and the 
absence of known inter-limb differences in the 
pelvic tilt in non-injured individuals. 

Design and Procedures 

In both experiments, participants were 
instructed to wear black, tight-fitting clothing, 
specifically sports leggings. The black color of the 
clothing facilitated the identification of the retro- 
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reflective markers on the 2-D video recordings 
during the analysis. Each participant completed 
the following standardized warm-up protocol: two 
200-m running laps, followed by active dynamic 
stretching of the major leg muscle groups; then 
body-weight-only exercises including squats, 
single-leg hamstring bridges, lunges, and running 
drills (heel to butt, high knees, straight leg). 
Subsequently, participants engaged in 20–30-m 
sprints with gradually increasing intensity (target: 
70%, 85%, and 100% of the maximum speed). 

Experiment I. After the warm-up, the 
requisite anthropometric data were collected for 
incorporation into the lower-limb conventional 
gait model (CGM, Kadaba et al., 1990). 
Subsequently, participants were equipped with 16 
retro-reflective markers with a 14-mm diameter, 
positioned on the pelvis and legs in accordance 
with the CGM model (Figure 1). For reasons of 
practicality, markers were placed directly on the 
participants’ tight clothing. Subsequently, a 
conventional static calibration trial was conducted.  

Experiment II. After the warm-up, four 
custom-made 20 mm in diameter reflective 
markers were fixed with double-sided adhesive 
tape on the anterior and posterior superior iliac 
spines, the greater trochanter, and the medial 
condyle of the knee. 

After the warm-up and specific 
preparation, participants undertook two maximal 
sprint acceleration runs from a three-point start 
position. The kinematics of the runs were recorded 
in 2-D (sagittal plane video, both experiments) and 3-
D (infrared camera system, Experiment I). A one-
minute rest interval was provided between the 
sprints. The sprint with the shortest time to 30 m 
was identified using the MySprint app (Romero-
Franco et al., 2017), which was then selected for 
further analyses. 

To assess the 2-D sagittal kinematics in 
both Experiment I and II, the ‘compass’ tool of a free 
software program, Kinovea (v0.9.5, created in 2009 
under the GPLv2 license) was used. This tool has 
been demonstrated to be a valid and reliable 
method to assess joint angles from sagittal video 
recordings (Puig-Diví et al., 2019). Once the 
horizontal plane has been defined based on a 
reference frame, the thigh angles and the pelvic tilt 
were extracted from the 2-D sagittal video in the 
sprint cycle. This was done with the athlete 
situated at the midpoint of the image, thus  
 

 
reducing the impact of image distortion on the 
measured angles. First, the sagittal angle between 
the ipsilateral thigh (defined as a straight line 
between the greater trochanter and the lateral 
epicondyle of the femur) and the horizontal plane 
was measured at two specific events: the foot strike 
of the contralateral leg (Figure 1a) and the toe-off 
of the ipsilateral leg (Figure 1b). The sum of these 
two angles was then used to calculate the kick-back 
score (Lahti et al., 2020). Secondly, the pelvic tilt 
angle was calculated at the same events as the 
angle of a straight line connecting the anterior and 
posterior superior iliac spines relative to the 
horizontal plane (Figure 1d, 1e). The sum of these 
two angles was then calculated to create a 
composite score for the pelvic tilt (PELTO+FS). This 
composite score represents an alternative to the 
kick-back score. However, it is calculated based on 
the pelvic tilt angle in comparison to the thigh 
angle, which is used in the kick-back score. 
Furthermore, the pelvic tilt was identified in the 
late swing phase (the last frame preceding foot 
strike) of the ipsilateral leg (Figure 1f). The frame 
in question was not precisely at the point at which 
the hamstrings were at their longest length within 
the sprint cycle, but rather a few frames after this 
point. However, the last frame preceding the foot 
strike is more readily discernible, and the resulting 
discrepancies in the outcome measures are 
anticipated to be inconsequential in comparison to 
inter-individual variations (Franz et al., 2009). In 
the absence of a history of injury to the left leg, the 
ipsilateral leg was consistently defined as the right 
leg.  

In Experiment I, 3-D kinematics were 
calculated using the Plug-In-Gait model, which is 
the commercial version of the CGM model in Vicon 
Nexus 2.12 software (Oxford, UK). The CGM is a 
direct kinematic and hierarchical method. The 
pelvic tilt was extracted from the pelvic kinematics 
at the same events within the same sprint cycle as 
the one where the 2-D analyses were performed. 
Additionally, the length of the biceps femoris 
muscle-tendon unit relative to the thigh length was 
calculated in the late swing phase from the 
regression equation proposed by Hawkins and 
Hull (1990), as follows: 𝐿 =  1.048 + 2.09 ∙ 10ିଷ ∙ 𝛼 − 1.6 ∙ 10ିଷ ∙ 𝛽 
where L was the normalized length of the biceps 
femoris muscle-tendon unit, α was the hip flexion 
angle, and β was the knee flexion angle. The  
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regression coefficients were derived from a 
modeling approach that was based on the 3-D 
locations of the origin and the insertion of the 
muscle, as defined by cadaveric and radiological 
assessments. Subsequently, the relationship 
between the muscle-tendon length and the pelvic 
tilt angle was established. 

Statistical Analysis 

Statistical analyses were performed using 
the free statistical platform Jamovi 
(https://www.jamovi.org).  

Experiment I. Pearson’s correlation 
coefficients with 95% confidence intervals (CI) 
were calculated unless the data were not normally 
distributed, as tested by the Shapiro-Wilk W test. 
Spearman’s rho was calculated for non-normally 
distributed data. In accordance with the a priori 
assumptions, directional hypotheses were tested, 
which also increased the statistical power of the 
study. The following assumptions were tested: 1) 
there would be a negative correlation between the 
thigh angle and the pelvic tilt as measured by 3-D 
motion capture at the toe-off and the foot strike; 2) 
there would be a negative correlation between the 
kick-back score and PELTO+FS; 3) there would be a 
positive correlation between the pelvic tilt 
measured by 2-D and 3-D methods at all three 
events; and 4) there would be a positive correlation 
between the pelvic tilt (as measured with both 2-D 
and 3-D methods) and the length of the biceps 
femoris in the late swing phase. In all the cases, the 
statistical significance level was set at α = 0.05. 
Bland-Altman analyses with 95% limits of 
agreement were also conducted to assess the 
agreement between 2-D video-based estimation of 
the pelvic tilt and the pelvic tilt extracted from 3-D 
motion analysis. 

Experiment II. Given the unequal sample 
sizes of the groups, Welch’s t-tests were conducted 
to compare the kick-back score and the pelvic tilt 
of recently injured and non-injured players. As in 
Experiment I, we tested directional hypotheses. The 
statistical hypotheses were that the pelvic tilt 
would be higher and the kick-back score would be 
lower in recently injured players than in non-
injured players. Cohen’s d standardized effect sizes 
were calculated. The significance level was set at α 
= 0.05. 

 
 
 

 
Results 
Experiment I. No significant correlation was found 
between the thigh and the 3-D pelvic tilt angles at 
the ipsilateral toe-off (r = −0.156 [95%CI = −1.0–
0.372], p = 0.314, Figure 2a) and the contralateral 
foot strike (Spearman’s rho = −0.445, p = 0.074, 
Figure 2b). Accordingly, no correlation was found 
between the kick-back score and the 3-D PELTO+FS 
(rho = −0.224, p = 0.242, Figure 2c). 

A significant correlation was observed 
between the pelvic tilt as measured based on 2-D 
images and the pelvic tilt as measured by 3-D 
motion capture at the ipsilateral toe-off (r = 0.890 
[0.704–1.0], p < 0.001, Figure 2a), the contralateral 
foot strike (rho = 0.900, p < 0.001, Figure 2b), and 
the ipsilateral late swing (r = 0.808 [0.517–1.0], p < 
0.001, Figure 2d). Accordingly, a significant 
correlation was found between the 2-D PELTO+FS 
and the 3-D PELTO+FS (r = 0.944 [0.84–1.0], p < 0.001, 
Figure 2c).  

When testing the agreement between the 2-
D and 3-D pelvic tilt angles (Figure 3), we found a 
bias of 2.7 ± 3.9° at the foot strike (limit of 
agreement, LOA = 7.7°), 5.7 ± 4.3° at the toe-off 
(LOA = 8.4°), and −3.4 ± 4.9° in the late swing (LOA 
= 9.6°). In the late swing, there was a significant 
correlation between the biceps femoris muscle-
tendon length and both the 3-D pelvic tilt (r = 0.878 
[0.675–1.0], p < 0.001, Figure 2e) and the 2-D pelvic 
tilt (r = 0.685 [0.282–1.0], p = 0.007, Figure 2f). 
Experiment II. In the late swing phase, no 
statistically significant difference was observed in 
the kick-back score between recently injured and 
non-injured players (t = 0.241, p = 0.407, d = 0.114, 
Figure 4). The anterior pelvic tilt was observed to 
be higher in the previously injured group than in 
the non-injured group in the late swing phase 
(injured = 15.8 ± 4.7 [mean ± standard deviation], 
non-injured = 10.6 ± 8.1, t = −1.999, p = 0.03, d = 
−0.789). On the other hand, no difference was 
observed between groups in the PELTO+FS (t = 
−0.722, p = 0.24, d = −0.291), as shown in Figure 4. 
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Figure 1. Thigh and pelvic tilt angles were analysed based on sagittal plane images at two 
specific events of the sprint cycle: toe-off of the ipsilateral leg (A and D), and foot strike of the 

contralateral leg (B and E). The kick-back score was calculated as A+B, and an equivalent 
composite score for the pelvic tilt was calculated as D+E (referred to as PELTO+FS in the main 

text). The pelvic tilt was also measured in the late swing phase (F). 
 

 
 

Figure 2. Correlations between 2-D camera-based methods and the pelvic tilt as measured 
using 3-D motion analysis (A–D), and correlations between the pelvic tilt and biceps femoris 

muscle-tendon length (E–F). 
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Figure 3. Bland-Altman plots for 2-D sagittal plane camera-based estimation of the pelvic tilt 
as compared to the pelvic tilt derived from 3-D motion analysis at the foot strike of the 

contralateral leg (A), the toe-off of the ipsilateral leg (B), and in the late swing phase of the 
ipsilateral leg (C). 

 
 
 
 
 

 
 

Figure 4. Statistically significant difference in the pelvic tilt was detected between recently 
injured and non-injured female professional soccer players in the late swing phase of 

sprinting. However, the composite score for the thigh angle (i.e., kick-back score) and the 
composite score for the pelvic tilt (PELTO+FS) did not differ significantly between the groups. 
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Discussion 

As anticipated, Experiment I revealed a 
robust correlation between the 2-D video-based 
approach for the estimation of the pelvic tilt based 
on a 3-D motion analysis. However, no correlation 
was observed between the kick-back score and the 
pelvic tilt. The results also corroborated the 
hypothesis that there would be a positive 
correlation between an increased anterior pelvic 
tilt and an increased biceps femoris muscle-tendon 
length during the late swing phase of sprinting. 
Experiment II investigated differences in the pelvic 
tilt in professional female soccer players with and 
without a recent hamstring injury. The findings 
revealed a higher anterior pelvic tilt in recently 
injured players than in non-injured players in the 
late swing phase of sprinting, as measured by the 
2-D camera-based method. On the other hand, no 
significant difference was found between groups 
in the kick-back score. 

Musculoskeletal modeling has revealed 
that an increased anterior pelvic tilt increases the 
length of the hamstrings, which in turn, may 
increase the risk of hamstring injury (Thelen et al., 
2006). In this modeling study, however, the 
position of the pelvis was modified without 
alteration to the positions of the thigh or the shank. 
However, modeling may not reflect what is 
happening in real-life scenarios. For example, 
those with an increased anterior pelvic tilt may 
adjust the position of the thigh and/or minimize 
knee extension in the late swing phase to protect 
the hamstrings from excessive lengthening. This 
speculation does not seem to be justified by the 
current study, which suggests that an increased 
pelvic tilt is associated with a longer hamstring 
(biceps femoris) muscle-tendon length in the late 
swing, thereby corroborating previous findings 
based on musculoskeletal modeling. It has recently 
been shown that following a fatiguing exercise, 
there is an increase in the angle of the anterior 
pelvic tilt despite no increase in hamstring muscle-
tendon lengths in the late swing (Vial, 2023). This 
is due to a simultaneous decrease in the hip flexion 
angle and no change in the angle of the knee (Vial, 
2023). It can be inferred that the level of fatigue 
should be controlled when assessing the pelvic tilt 
as a risk factor for hamstring injuries. 

In previous studies, considerable 
variability in the pelvic tilt angle has been 
documented, with values ranging from −3° to 35°,  

 
depending on the running event, sprint distance, 
and running technique (Mendiguchia et al., 2022; 
Nagahara et al., 2018; Schuermans et al., 2017b). 
Despite considerable inter-athlete variability, the 
mean values observed in the current study 
(Experiment I, pelvic tilt: at the toe-off = 13.8°, foot 
strike = 13.7°, late swing = 13.8°) were similar to 
those reported by Schuermans et al. (2017b; 16° at 
the toe-off and 14° in the late swing) in non-injured 
soccer players. These comparisons are based on 3-
D motion capture used in both studies. 

As an alternative to the conventional 3-D 
motion capture setup, the measurement of the 
kick-back score based on a single video camera 
recording has been introduced (Lahti et al., 2020). 
It has been assumed that there is a correlation 
between the position of the thigh and the position 
of the pelvis at discrete points in the sprint cycle. In 
their study, Lahti et al. (2020) reported a kick-back 
score of approximately 146° and 143°, in non-
injured and injured male soccer players, 
respectively, with no significant difference 
between groups. These values are in close 
proximity to those observed in the current study 
(Experiment I: 145° group mean; Experiment II: 142° 
in non-injured and 140° in recently injured 
players). Based on the results of the current study, 
there is no evidence to suggest a correlation 
between the pelvic tilt and thigh angles (i.e., the 
kick-back score). It seems that a given thigh angle 
can manifest along with a range of pelvic tilt 
angles. For example, participants #9 and #10 
exhibited a comparable kick-back score of 142° and 
140°, respectively, yet displayed notable 
discrepancies in the 3-D pelvic tilt at the toe-off 
(10.2° vs. 34.4°), the foot strike (10.2° vs. 29.4°), and 
the late swing (9.4° vs. 26.8°). It is therefore 
proposed that the kick-back score should not be 
used as a measure of the pelvic tilt.  

To address the constraints of 3-D motion 
capture, a considerable body of research has been 
conducted to ascertain the reliability of video-
based techniques for the evaluation of lower limb 
kinematics in the sagittal plane. These were tested 
across a spectrum of motor activities, including a 
single-leg squat (Schurr et al., 2017), walking 

(Ugbolue et al., 2013), and running (Peebles et al., 
2021). To the best of our knowledge, no studies 
have been conducted to validate the measurement 
of the pelvic tilt during sprinting. We found a 
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correlation between 2-D video-based and 3-D  
 
 
motion analysis methods. It should be noted that a 
bias was identified at each sprint event (Figure 3).  
These appear to be comparable to those reported in 
previous studies that assessed the concurrent 
validity of inertial measurement units (2.8° root-
mean-square error; Wada et al., 2020) or markerless 
methods (3.8° root-mean-square error; Castelli et 
al., 2015) during sprinting or fast walking. The 
notable bias may be attributed to the failure to 
incorporate pelvic rotation and obliquity into the 2-
D method. Additional experimental analysis from 
3-D motion capture revealed that the rotation and 
the obliquity were considerable at the foot strike 
(6.7° and −5.2°, respectively), the toe-off (−6.2° and 
−8.9°, respectively), and the late swing (−7.1° and 
5.9°, respectively). These observations are 
consistent with those reported in previous studies 
(Ota et al., 2021; Sado et al., 2017). Nevertheless, the 
high correlations indicate that the 2-D video-based 
method with two markers on the pelvis is a reliable 
alternative to the 3-D motion capture for assessing 
inter-individual differences or monitoring the 
athletes’ pelvic tilt during sprinting throughout a 
season. 

The 2-D marker-based method revealed 
that previously injured female soccer players 
exhibited a greater degree of the anterior pelvic tilt 
in the late swing phase than their non-injured 
counterparts. However, the kick-back score was 
found to be comparable between these two groups 
(Figure 4). These results are comparable to those 
previously reported in male soccer players, despite 
the existence of anatomical differences between the 
sexes. It is noteworthy that there was no significant 
difference between groups in the PELTO+FS, which 
score was derived from the pelvic tilt at events 
where the kick-back score was calculated. This 
may be due to the fact that the toe-off is not a 
typical event for hamstring injuries, and the 
contralateral leg is still in the mid-swing at this 
moment, which is also a phase that is unrelated to 
hamstring injuries. In these phases the knee joint is 
relatively flexed, thereby reducing the potential 
adverse effects of an increased pelvic tilt on the 
length of the hamstrings. On the contrary, in the 
late swing phase, the knee is relatively more 
extended. Therefore, the assessment of the pelvic 
tilt should prioritize the late swing phase over the 
early swing phase or other phases of sprinting in 
the context of hamstring injury management. 

As a limitation of the study, the markers  
 
 
were placed on tight-fitting clothing rather than 
directly on the skin, which may have introduced 
additional artifacts. Nevertheless, our objective  
was to implement a configuration that could be 
readily operationalized in field settings. It is also 
noteworthy that the kinematic data were recorded 
at a distance of 15 m from the sprint start, which 
may have been insufficient for some athletes to 
achieve their maximum running speed. 
Nevertheless, we assume that the effect was 
relatively minor in both studies given that the 
pelvic tilt during late acceleration appears to be 
comparable to the pelvic tilt at maximum speed 
running (Sado et al., 2017). It is also important to 
note that biceps femoris length estimation does not 
account for potential anatomical variations 
between individuals, and it refers to the entire 
muscle-tendon unit. However, additional factors, 
including muscle-tendon decoupling, fascicle 
gearing, and regional differences within the 
muscle, also influence muscle fibre length. It is 
therefore imperative that any direct conclusions 
drawn from pelvic mechanics to fascicle or fibre 
mechanics should be approached with a high 
degree of caution. The relatively small sample size 
in these experiments may have resulted in the 
increased likelihood of type II errors and 
overrepresentation of the effects or differences 
when a statistically significant result was observed. 
Consequently, the findings of this study should be 
validated by future research using larger sample 
sizes. Such a design would also facilitate for the 
control of confounding variables when comparing 
athletes with and without a history of injury.  

Conclusions 
Our findings, derived from experimental 

analysis, corroborate the notion that an excessive 
anterior pelvic tilt is associated with an increased 
biceps femoris length in the late swig phase of 
sprinting. This lends support to the notion that 
monitoring pelvic tilt in sprint-based sports is 
crucial from an injury prevention perspective not 
only in male athletes (as previously suggested), but 
also in female athletes. It would be beneficial to 
investigate whether a reduction in the anterior 
pelvic tilt in the late swing phase of sprinting 
during the rehabilitation process could potentially 
prevent hamstring re-injuries. In field settings, 
there is a need for straightforward methods. 
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However, some approaches such as the kick-back  
 
 
score may be overly simplistic. Conversely, the 
pelvic tilt can be monitored using a single video 
camera recording in the sagittal plane based on 
markers on the anterior and posterior superior iliac  
spines. Despite some bias, the correlations were 
robust, and this method enabled the detection of 
differences between recently injured and non-

injured female professional soccer players when  
 
the analysis focused on the late swing phase of the 
sprint. Further prospective studies on female  
players monitoring the pelvic tilt are required, and 
the 2-D approach introduced in the current study 
can streamline the relatively complex setup of 3-D 
motion capture to measure the pelvic tilt angle. 
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