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have mainly examined the use of smartphones and tablet computers in the laboratory setting, involving 
short duration and standardized tasks. This study compared the real-time spinal movements and 
postural variations during smartphone-use versus non-use in university students in their natural 
environment - the university campus. Ten males and eight females (mean age of 21.5+2.6 years) 
participated, with similar daily phone use time between the two sexes. Three-dimensional kinematics 
was recorded for 3 hours on a typical weekday while the participants went about their usual academic 
activities such as attending classes, meeting with other students or studying on their own. Five inertial 
motion sensors were attached to the cervical, thoracic and lumbar spinal regions, and the signals were 
captured on the data-logger worn on the waist. Methods: The active phone use time was captured on 
the smartphone of the participants during the data collection period. Kinematics data were recorded 
with a sampling frequency of 100 Hz and filtered using a low-pass Butterworth filter of 3rd order 
(Fcutoff: 3Hz). The data were examined in terms of: 1. Median 50th%APDF of the postural angles in the 
cervical, upper thoracic, lower thoracic and lumbar regions; 2. Zero crossing (ZC) per min, with a 
threshold set to the mean angle +10 before change of movement direction (Szeto et al., 2012) to assess 
changes in the amplitude and variations of the adopted spinal postures. Results: Results showed that 
significantly greater degrees of cervical and upper thoracic flexion angles were adopted during phone 
use versus non-use time (p<0.01). The mean cervical flexion angle was recorded as 8.0° Flexion (SD7.5) 
during phone use compared to 4.2° Extension (SD8.2) during non-use (p<0.01). These postural angles 
were referenced to their standing postures recorded at the start. There was also significantly greater 
frequency of postural variations (zero crossing per min) in all spinal regions in the sagittal plane (all 
p<0.05), and in some of the movements in the transverse and frontal planes. For example, the ZC per 
min in the cervical flexion plane was 10.5 (SD6.3) per min during non-use compared to 5.5 (SD3.1) 
during phone use. These results showed that the participants maintained a more static posture with less 
postural variations during phone use. The postural variables also showed some significant correlations 
with the self-reported pain score in the neck and upper back regions. The mean neck pain score among 
the participants was 2.1(SD1.6) for female participants and 2.4(SD2.2) for male participants at baseline. 
Conclusions: The present results revealed that the university students maintained their neck and upper 
thoracic spine in more static postures and with increased flexion angles during phone use compared to 
non-use. This factor may contribute to increased risk of developing neck-shoulder pain in the student 
population. Reference: Szeto, G.P.Y., Cheng, S.W.K., Ting, A.C.W., Poon, J.T.C., Tsang, R.C.C., Ho, P. 2012. 
A study of surgeons' static posture and movement repetitions during open and laparoscopic surgery. J. 
Surg. Res. 172 (Jan), e19-e32. 
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BACKGROUND AND AIM: Anterior Cruciate Ligament (ACL) rupture is among the most severe injuries in 
women soccer, accounting for 43% of absence from match play [1]. ACL injury mechanism involves 
multiplanar movement patterns that can occur during landing, turning, cutting or pivoting actions [2]. 
Despite fatigue may have an effect in enhancing ACL injury risk [3], its impact on movement mechanics 
is still unclear [4]. Our aim is to deeper understand these mechanisms, which would expand the basis of 
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evidence for the development of prevention programs. METHODS: Nine élite female soccer players (age: 
20-31 years, BMI: 18.4-22.7 kg·m<sup>-2</sup>) belonging to the first or second Italian division ("Serie 
A" and "B") completed a 5-m shuttle run test until exhaustion, paced at 70% of their own Maximal 
Aerobic Speed (2.6 ± 0.2 m·s<sup>-1</sup>). The three-dimensional position of 37 reflective markers 
was acquired during the test with an optoelectronic motion analysis system (BTS, Italy). Peak blood 
lactate concentration was measured at the end of the test. Hip, knee and ankle 3D kinematics were 
obtained from a biomechanical model developed in Visual 3D (CMotion, USA). Statistical Parametrical 
Mapping (SPM) paired t-tests were used to compare joint kinematics during the stance phase between 
the turns 6-10 and the last 5 turns performed with the preferred leg. RESULTS: Post-exercise blood 
lactate concentration was 10.7 ± 3.0 mmol·L<sup>-1</sup>. The hip was more extended at mid-stance 
(p = 0.038, t = 2.398), as well as the knee (p = 0.005, t = 2.635). The tibia was more internally rotated 
from 20% to 80% of the stance phase (p < 0.001, t = 2.677). No significant differences were observed at 
the ankle level. CONCLUSIONS: These findings depict a sequence of concatenated alterations to the 
mechanics of changes of direction that are commonly described as biomechanical risk factors for ACL 
injury [2]: reduced knee and hip flexion ("stiff" landing), tibial internal rotation and knee dynamic valgus. 
Surprisingly, we did not observe alterations in knee kinematics on the frontal plane: it could be either 
that the high training level of the assessed cohort did not let such difference emerge, or that while the 
drop between the fresh and the fatigued condition was not significant, the baseline value (10-15 
degrees of knee abduction) is potentially hazardous per se, even before the onset of fatigue. As outlined 
in a recent work on men [3], it is confirmed and reinforced (given the higher incidence in women [4]) the 
need of planning specific neuromuscular exercises at the end of trainings, as when players are fatigued 
they can get the highest benefit from tackling modifiable biomechanical risk factors. 1. Larruskain et al., 
Scand J Med Sci Sport, 28:237-245, 2018. 2. Fox et al., Sports Med, 44:815-832, 2014. 3. Zago et al., Eur J 
Sport Sci, 19:1072-1081, 2019. 4. Bourne et al., Sports Med, 49:1629-1635, 2019. 
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BACKGROUND AND AIM: Many biomechanical analyses rely on the availability of subject-specific foot 
segment measurements. Most studies use manual measurements of foot parameters, such as arch 
height and truncated foot length, to examine foot mechanics and evaluate foot posture. Unlike hand-
measurements that are time consuming and prone to human error, the development of three-
dimensional (3D) body scanners has the potential to revolutionize the orthotics field. These devices 
allow users to quickly render subject-specific models that can be used to develop custom foot hardware. 
However, the reliability and validity of these scanners to measure foot dimensions has not been 
determined. Therefore, the aim of the study is to determine the reliability and validity of a portable 3D 
white light body segment scanner to obtain foot anthropometrics across two different sessions. Validity 
of the scanner was measured against manual measurements, which included a combination of a custom 
3D printed foot measurement device and a caliper. METHODS: Fourteen control participants (9 males, 5 
females, mean age 23.9 ± 1.7 years) were recruited to participate. Seven anthropometric measures of 
their dominant foot under weight bearing and non-weight bearing conditions were obtained using a 3D 
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