I SP I Kakavas G, Tsiokanos A, Potoupnis M, Tsaklis P. An Evaluation of the Balance Error
e de— Scoring System in Female Soccer Players Following Soccer Heading: A Pilot Study. //SPT.
SRORT PHNGICAL THERAY 2025;20(3):384-391. doi:10.26603/001¢.129460

Original Research
An Evaluation of the Balance Error Scoring System in Female Soccer
Players Following Soccer Heading: A Pilot Study

Georgios Kakavas'“®, Athanasios Tsiokanos', Michael Potoupnis’, Panagiotis Tsaklis

1,42

1 Department of Physical Education and Sport Science, ErgoMechLab, Greece, University of Thessaly, 2 Athens Greece, Fysiotek Spine & Sports Lab,
3 Aristotle University of Thessaloniki, School of Medicine, 4 Department of Molecular Medicine and Surgery, Growth and Metabolism, Karolinska
Institute, Sweden* , Karolinska Institute, Sweden

Keywords: BESS, ball heading, female football, balance, SRC
https://doi.org/10.26603/001¢.129460

International Journal of Sports Physical Therapy
Vol. 20, Issue 3, 2025

Background

Soccer is a contact sport during which participants risk injury, including due to
concussion. Interestingly, the task most frequently associated with concussions is the act
of heading the ball. This study seeks to answer the following research question: Does an
acute playing of purposeful soccer heading in female football players lead to changes in
BESS normative outcomes and balance? Additionally, we aim to explore the relationship
between a gold-standard BESS Test and a Balance Test performed on a force plate.

Methods

This project involved twenty-eight female soccer players (age = 19.6 + 2.96 years, mass =
60.4+ 5.3 kg, and height = 163.6 + 6.4 cm). pre and post the heading condition and the
results of the Wilcoxon Signed Ranks Test. The participants were healthy and underwent
BESS monitoring on a force plate before and after heading and footing training. Standard
450 g soccer balls were utilized. Participants performed ten headers for the header
condition and ten footers for the footer condition. Resultant sway velocity and BESS error
outcomes were calculated before and after heading and footing training. I need a brief
description of the statistical approach here.

Results

Statistically significant increases after the heading condition were found for Single Leg
Stance (COP PATH) score (Z = -3.986, p = 0.000), BESS score on foam surface (Z = -2.511,
p = 0.012), BESS score on firm surface (Z = -2.353, p = 0.019). A statistically significant
increase after the footer condition was found for the Tandem Stance (mmz2) score (Z =
-2.900, p = 0.004). A statistically significant difference between the group conditions was
found in the post-BESS score foam difference (U = 268.500, p = 0.042). BESS score foam
mean increase was 1.93 after the heading condition and 0.21 after the footer condition.

Conclusion

This pilot study not only tests the feasibility of using force plates to measure BESS
outcomes after heading in female soccer but also underscores the effectiveness of using
BESS parameters to evaluate changes in balance function following heading compared to
a control footer condition. The findings of this study provide valuable insights into the
potential effects of soccer on balance in female players, contributing to the body of
knowledge in sports medicine and physical education.
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INTRODUCTION

Repetitive head impacts (RHI), such that occur due to pur-
poseful soccer heading, and the short- and long-term ef-
fects of those impacts on overall physical and mental health
pose significant public health concerns in female athletes.!
Concussion is a brain injury characterized by an alteration
in brain function caused by a direct acceleration or decel-
eration force transmitted to the head of the soccer player.
Between 1.6 and 3.8 million sports-related concussions oc-
cur every vear in the United States.2 Concussion is a com-
mon injury in contact sports such as soccer and American
football. Consensus guidelines recommend removing any
player exhibiting signs or symptoms of a concussion for
evaluation. Making the diagnosis of a concussion is not al-
ways easy, as players can deny symptoms, and neurocogni-
tive testing may be similar or only slightly different from
baseline testing. The Balance Error Scoring System (BESS)
has been developed as an objective test to assess concussed
athletes.3# The BESS test was created as an outcome mea-
sure to assess postural stability. The tool is commonly used
in the population of athletes with Sports Related Concus-
sion (SRC). The new American Academy of Neurology con-
cussion guidelines® reports the BESS assessment tool as
likely to identify concussion with only low to moderate di-
agnostic accuracy with a low specificity of 34 to 64% (mean-
ing a false positive rate for concussion of 34 to 64%), but a
high degree of specificity of 91% (meaning that the test will
only miss one out of ten concussions).%” The heading el-
ement remains controversial, as the potential associations
with long-term neurological consequences remain contro-
versial. Nevertheless, although heading is usually asymp-
tomatic and rarely causes concussion, there is evidence
to suggest that cumulative heading exposure may lead to
brain alterations in adults and affect cognitive function in
adolescents. As a result, USA Soccer has implemented rule
changes to restrict heading behavior in youth participants,
aiming for the primary prevention of head injuries. Female
soccer players are vulnerable to the risk of injury from soc-
cer as their brains are still developing, eight and may be
particularly vulnerable based on their increased rates of
concussion. No studies to date have evaluated the feasibil-
ity of assessing BESS outcomes with force plates in female
soccer.

Balance-related symptoms (i.e., dizziness and vertigo)
are commonly reported in SRC.8-10 These symptoms may
correlate with neurological findings, such as signs of pos-
tural instability. However, subtle postural impairments may
be missed during a physical examination.!0 On the one
hand, such minor impairments may increase the risk of
falls or accidents, particularly in situations of shared at-
tention (i.e., during sports or conversations),!1-13 while on
the other hand, balance impairments in the acute period
after mTBI(mild Traumatic Brain Injury) have been associ-
ated with the persistence of post-concussive symptoms.14
Therefore, sensitive point-of-care measures may be a rea-
sonable addition to the routine physical examination after
mTBI to assess for acute balance impairments and the tra-
jectory of recovery and help guide rehabilitation.!>

The BESS is recommended as a sideline tool to support
return-to-play decisions after a suspected head injury dur-
ing training or competition. The BESS can assess healthy
athletes’ neurological functions, establishing a “normal”
baseline—a score revisited following an SRC. Athletes
should not return to play until their scores on the test re-
turn to their baseline.

This underscores the importance and reliability of the
BESS as a diagnostic tool in assessing and managing head
injuries in sports, providing reassurance and confidence to
athletes, coaches, and medical professionals.

This study seeks to answer the following research ques-
tion: Does an acute playing of purposeful soccer heading in
female football players lead to changes in BESS normative
outcomes and balance?

METHODS

This study was conducted during the 2022-2023 soccer sea-
son. Therapists/trainers and a supervising attending physi-
cian from the Department of Neurology follow each team.
The inclusion criteria were for the athletes to be healthy
and without injury in the lower leg.
The exclusion criteria are that the athletes suffered a
concussion in the last 1 year.

INSTRUMENTED BESS/POSTUROGRAPHY

The BESS consists of three tests lasting 20 seconds each,
performed on a force plate with closed eyes and scored
based on the number of errors across trials. The player first
stands with the feet together, the hands on the hips, and
the eyes closed (double leg stance). The task is then re-
peated with a single-leg stance using the non-dominant
foot, and a third time, a heel-toe stance with the non-dom-
inant foot in the rear (tandem stance) is performed. Each
twenty-second trial is scored by counting the errors. The
examiner counts errors only after the individual has as-
sumed the appropriate testing position.
An error is scored when any of the following occurs:

» Moving the hands off of the iliac crests

« Opening the eyes

» A step, stumble or fall

* Abduction or flexion of the hip beyond 30°

 Lifting the forefoot or heel off of the testing surface

+ Remaining out of the proper testing position for more
than five seconds

+ The maximum total number of errors for any condi-
tion is 10.

TEST PROTOCOL

Participants underwent BESS testing on a force plate before
and after heading and footing conditions. They performed
ten headers for the header condition and ten footers for
the footer condition. The BESS trials, pre- and post-header
and footer conditions, were assessed for both time and fre-
quency domains.
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Two observers assessed BESS performances using force
plates in female players with a concussion and a healthy
control group cohort. KINVENT DELTAS(KINVENT INC.
France) force places were utilized for static and dynamic
balance BESS tests.

The testing procedure consisted of each subject perform-
ing a series of 4 single-leg balance trials (2 on each leg) and
four double-leg balance trials with eyes closed for 20-sec-
ond trials on a force plate. During single-leg balance trials,
non-dominant legs were tested according to the BESS test
procedures, with a proctor counting touches to the ground
as the force plate collected data. During double-leg balance
trials, both legs were tested according to the BESS test
procedures, with a proctor counting any stumbles or extra
touches as the force plate collected data. The balance test
variable of interest is resultant sway velocity. The BESS test
variable of interest is several errors during a trial.

In all tasks, standard 450 g soccer balls (inflated to 8 psi)
are thrown at participants from 10 m by a trainer who kicks
the ball toward the athletes. Each participant performed
ten headers for the header condition, separated by 10-sec-
ond intervals. For the footer (control) condition, each par-
ticipant used their foot to volley the ball ten times, sep-
arated by 10-second intervals (to match the header
condition). The resultant sway velocity pre- and post-head-
ing and footing, as well as several BESS errors, were
matched by the trial.

Participants completed two testing conditions (heading
and footing pre and post), separated into two weeks. All
participants performed the header condition first and the
footer (control) condition second. Testing occurred at noon,
starting the teams’ outdoor training. Participants did not
perform physical exercise 24 hours before testing due to its
influence on balance modulation.

STATISTICAL ANALYSIS

Wilcoxon Signed Ranks Test was used to identify statisti-
cally significant paired differences in the six BESS variables
assessed (Double Leg Stance R, Double Leg Stance L, Tan-
dem Stance, Single Leg Stance, BESS score foam, and BESS
score firm) before and after the heading condition and be-
fore and after the footer condition.

The mean change of all BESS variables was calculated by
subtracting the pre-heading and footer scores (initial indi-
cators) from the post-heading and footer scores (final indi-
cators). The Mann-Whitney U was used to test for statisti-
cally significant differences between the two independent
conditions (groups), heading and footer, regarding the
mean change of all BESS variables.

In all cases, the confidence level was 95% (a=0.05). SPSS
statistical software, in combination with Microsoft Excel
spreadsheets, was used for data entry, processing, and
analysis.

RESULTS

The subjects recruited and divided into two groups were in
the same age range (18-22). Specifically, the mean age of

Table 1. Subject characteristics

Characteristic Soccer players (n=28)

Age (years)
mean (SD) ()
Weight (Kg)
mean (SD)
Height (m)
mean (SD)
BMI

mean (SD)

59.14(4.29)

1.65(0.07)

21.79(1.48)

Legend: n, number; SD, standard deviation; BMI, Body mass index
++ Inclusion criteria - Exclusion criteria

the SRC group was 19.35+1.18 years and 20.10+1.18 years in
the control group, respectively

The descriptive analysis of the BESS scores pre- and
post-heading condition and the Wilcoxon Signed Ranks
Test results for the 28 female athletes, are shown in Table
2.

Table 3 shows the descriptive analysis of the BESS scores
pre- and post-footer condition and the results of the
Wilcoxon Signed Ranks Test for the 28 female athletes.

Statistically significant changes after the footer condi-
tion were revealed in the following cases:

Statistically significant increases after the heading con-
dition were found for Single Leg Stance (COP PATH) score
(Z = -3.986, p = 0.000), BESS score on foam surface (Z =
-2.511, p = 0.012), BESS score on firm surface (Z = -2.353, p
=0.019). A statistically significant increase after the footer
condition was found for the Tandem Stance (mm2) score
(Z =-2.900, p = 0.004). A statistically significant difference
between the group conditions was found in the post-BESS
score foam difference (U = 268.500, p = 0.042). BESS score
foam mean increase was 1.93 after the heading condition
and 0.21 after the footer condition.

Table 4 shows the results of the mean BESS score
changes between the post-heading and the post-footer con-
dition. A statistically significant difference between the
group conditions was found in the post-BESS score foam
difference (U = 268.500, p = 0.042). BESS score foam mean
increase was 1.93 after the heading condition and 0.21 after
the footer condition.

DISCUSSION

This study seeks to answer the following research question:
Does an acute playing of purposeful soccer heading in fe-
male football players lead to changes in BESS normative
outcomes and balance? Also, this pilot study examines the
feasibility of using force plates to measure BESS outcomes
after heading in female soccer and highlights the effective-
ness of using BESS force plate testing to evaluate changes
in balance function following heading compared to control
footer conditions.
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Table 2. Pre & post heading condition BESS descriptive parameters (n=28)

Variable Time Mean SD Median Mean Rank Zvalue p-value
pre 66.32 5.96 66.00
Double Leg Stance R (mm2) 12.21 -1.601b 0.109
post 64.82 7.41 64.50
pre 61.00 5.98 61.00
Double Leg Stance L (mm?2) 12.39 -1.863¢ 0.062
post 64.71 11.02 63.50
pre 61.64 10.87 59.50
Tandem Stance (mm?2) 10.18 -1.851¢ 0.064
post 65.68 7.46 63.50
pre 2040.86 323.23 2064.50
Single Leg Stance (COP PATH) 28.00 -3.986°¢ 0.000
post 2107.71 423.62 2098.00
pre 17.32 2.51 17.00
BESS score foam 12.50 -2.511¢ 0.012
post 19.25 3.58 19.00
pre 13.39 2.51 13.00
BESS score firm 6.00 -2.353¢ 0.019
post 15.46 4.08 15.00
Legend: n, number; SD, standard deviation; a Wilcoxon Signed Ranks Test; b, Based on positive ranks; ¢, Based on hostile ranks
Table 3. Pre & post footer condition BESS descriptive parameters (n=28)
Variable Time Mean SD Median Mean Rank Z value p-value
pre 66.50 571 66.00
Double Leg Stance R (mm2) 11.71 -1.448b 0.148
post 65.18 6.94 64.50
pre 61.00 5.98 61.00
Double Leg Stance L (mm2) 14.75 -289b 0.773
post 60.71 11.66 59.00
pre 57.86 10.24 56.50
Tandem Stance (mm2) 13.70 -2.900¢ 0.004
post 66.04 7.12 64.00
pre 1962.57 354.72 2050.00
Single Leg Stance (COP PATH) 11.89 -229b 0.819
post 1977.14 340.03 1952.00
pre 17.11 3.51 17.00
BESS score foam 10.50 -016¢ 0.987
post 17.32 2.78 17.50
pre 14.43 3.57 13.50
BESS score firm 475 -401b 0.688
post 14.04 2.67 14.00

Legend: n, number; SD, standard deviation; a Wilcoxon Signed Ranks Test; b, Based on positive ranks; ¢, Based on hostile ranks

These findings could impact the understanding of the ef-
fects of soccer heading on balance and neuromuscular and
postural control in female soccer players.16

The results suggest that BESS force plate tests are a fea-
sible tool that may provide meaningful information to as-
sess heading thresholds in female soccer. Postural control
is maintaining one’s center of mass within its support base
and maintaining an upright stance in response to internal
and external perturbations. This dynamic act primarily in-
volves three primary sensory systems: the visual, vestibu-
lar, and somatosensory systems.!”

According to a study by J. Caccese et al. (2024), the
results suggest that persistent balance deficits at RTP in
some individuals or that return-to-exercise occurring prior
to RTP may exacerbate balance impairments. Moreover,
changes in COP measures, in the absence of changes in
BESS scores, suggest that the BESS may not be a sensitive
enough tool for identifying changes in postural control.!8

The study from Kakavas et al. (2023) shows that neu-
rocognitive and neuromuscular deficits after a ball heading
are likely subtle and not easily detected with current as-
sessment strategies, yet they may have a significant clinical
impact on subsequent injury risk as such deficits are likely
to be magnified with more challenging athletic tasks.
Hence, these deficits may create a “window of susceptibil-
ity” to musculoskeletal injury following a return to play af-
ter a concussion. The duration of this “window” of muscu-
loskeletal injury is poorly understood.!?

Sensory information from these three systems deter-
mines the body’s upright position in space and relative
movements made from internal or external forces. In turn,
the central nervous system uses this information to react to
or plan for muscular adjustments to maintain the upright
body position via feedback and feedforward strategies.20
The clinical analog of postural control is commonly de-
noted as balance during an upright stance. Both constructs
(postural control and balance) can indirectly assess the im-
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Table 4. Post header & footer condition mean BESS scores’ changes (n=28)

Variable Condition Mean SD Mean Rank U value p-value

- Post-Header -1.50 457 28.13

pre pos.t Double Leg Stance R 381.500 0.863
difference (mm2) Post-Footer -1.32 453 28.88
- Post-Header 3.71 10.07 31.82

pre pos‘t Double Leg Stance L 299000 0127
difference (mm2) Post-Footer -0.29 12.33 25.18
- B Post-Header 4.04 10.74 25.63

Pre-post tandem Stance difference 311.500 0.187
(mm2) Post-Footer 8.18 12.39 31.38
- i Post-Header 66.86 174.74 31.91

pre-post Single I._eg Stance (COP PATH) 296.500 0.118
difference Post-Footer 14.57 307.61 25.09
Post-Header 1.93 3.79 3291

pre-post BESS score foam difference 268.500 0.042
Post-Footer 0.21 3.64 24.09
Post-Header 2.07 4.09 32.16

pre-post BESS score firm difference 289.500 0.062
Post-Footer -0.39 4.31 24.84

Legend: n, number; SD, standard deviation; a Mann-Whitney U Test

pact on the nervous system because of the interplay be-
tween sensory and action systems (motor).2122

Postural control deficits are a cardinal sign of concussion
regardless of mechanism (i.e., sports activity, car accidents,
falls, and the like). Ball heading may impact postural con-
trol via different neurocognitive pathways. In recent years,
the acute and long-term effects of concussion, specifically
sport-related concussion, on postural sway have been well
documented with clinical resolution at 2 to 5 days post-
injury but with potential lingering issues beyond six
months.23

Studies usually used the same heading testing and con-
ditions; the same ball trajectory and speed were used for all
participants. The relatively low variability between header
impact accelerations suggests that the head impacts mea-
sured from the seven instrumented players reflect the head-
ing exposures for the entire cohort. While the present study
shows evidence of balance changes following 10 headers,
impairments are related to the severity of head injury.2%
25 However, whether a more significant number of headers
or larger head impact accelerations would show transient
changes in balance function remains unknown.26-28

LIMITATIONS OF THE STUDY

Experts believe that the BESS is best used when a baseline
BESS score is obtained before the start of the season when a
player is healthy. Then, repeated scores after a concussion
can be used to monitor recovery. One limitation of this
study is that only female players were evaluated; however,
investigating female soccer players is relevant as females
may be more prone to concussions than males. In addition,
due to the pilot study design and small sample size, it can-
not be assessed whether athletes’ head impacts over the
study period negatively influenced balance or nervous sys-
tem functioning.

Future research must focus on the force-plate-collected
balance BESS test. It must also deliver strategies expanding
baseline testing (which most think of solely in terms of
computerized neurocognitive testing), routinely performed
at the elite level and, increasingly, at the high school level,
to include a balanced assessment like BESS.

CONCLUSION

Heading is a crucial part of soccer and is unlikely to be
discontinued. The results of this pilot study indicate that
the instrumented BESS with force plates as a point-of-care
tool provides insights into possibly helpful age-appropriate
adoptions in the explanation and procedure of testing.

By combining the clinical BESS testing with force plates,
this work adds valuable information regarding the magni-
tude, responsiveness, and trajectory of body sway in several
testing positions. Such testing complements clinical as-
sessment in investigating postural control in children and
adolescents. While the BESS score only allows for consider-
ing a total score approximating postural control, the BESS
with force plates gives several parameters representing the
responsiveness and magnitude of body sway and a detailed
analysis of movement trajectory.

CONFLICT OF INTEREST STATEMENT

The authors have no conflicts of interest.

Submitted: July 23, 2024 CST. Accepted: December 26, 2024
CST. Published: March 01, 2025 CST.
© The Author(s)

International Journal of Sports Physical Therapy



An Evaluation of the Balance Error Scoring System in Female Soccer Players Following Soccer Heading: A P...

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-
ativecommons.org/licenses/by-nc/4.0/legalcode for more information.

International Journal of Sports Physical Therapy



An Evaluation of the Balance Error Scoring System in Female Soccer Players Following Soccer Heading: A P...

REFERENCES

1. Bakhos LL, Lockhart GR, Myers R, Linakis JG.
Emergency department visits for concussion in young
child athletes. Pediatrics. 2010;126:e550-e556.
doi:10.1542/peds.2009-3101

2. Stuart S, Hickey A, Morris R, O’Donovan K, Godfrey
A. Concussion in contact sport: A challenging area to
tackle. J Sport Health Sci. Published online
2017:299-301. doi:10.1016/j.jshs.2017.03.009

3. Muise DP, MacKenzie SJ, Sutherland TM.
Frequency and magnitude of head accelerations in a
Canadian interuniversity sports football team’s
training camp and season. Int | Athl Ther Train.
2016;21:36-41. doi:10.1123/ijatt.2016-0005

4. Press JN, Rowson S. Quantifying head impact
exposure in collegiate women’s soccer. Clin J Sport
Med. 2017;27:104-110. doi:10.1097/
JSM.0000000000000313

5. Bailes JE, Petraglia AL, Omalu BI, Nauman E,
Talavage T. Role of subconcussion in repetitive mild
traumatic brain injury. J Neurosurg.
2013;119:1235-1245. doi:10.3171/2013.7.]NS121822

6. Lipton ML, Kim N, Zimmerman ME, et al. Soccer
heading is associated with white matter
microstructural and cognitive abnormalities.
Radiology. 2013;268:850-857. doi:10.1148/
radiol.13130545

7. Rowson S, Duma SM. Brain injury prediction:
Assessing the combined probability of concus-sion
using linear and rotational head acceleration. Ann
Biomed Eng. 2013;41:873-882. doi:10.1007/
$10439-012-0731-0

8. Paus T. Growth of white matter in the adolescent
brain: Myelin or axon? Brain Cogn. 2010;72:26-35.

9. Chrisman SP, Mac Donald CL, Friedman S, Andre J,
Rowhani-Rahbar A, Drescher S, et al. Head impact
exposure during a weekend youth soccer tournament.
J Child Neurol. 2016;31:971-978. doi:10.1177/
0883073816634857

10. McCrory P, Meeuwisse W, Aubry M, et al.
Consensus statement on concussion in sport—the 4th
International Conference on Concussion in Sport
held in Zurich, November 2012. Clin J Sport Med.
2013;23:89-117. doi:10.1097/]SM.0b013e31828b67cf

11. Langlois JA, Rutland-Brown W, Wald MM. The
epidemiology and impact of traumatic brain injury: a
brief overview. ] Head Trauma Rehabil.
2006;21:375-378. doi:10.1097/
00001199-200609000-00001

12. Biros MH, Heegaard WG. Chapter 38 Head injury.
In: Marx J, Hockberger R, Walls R, eds. Rosen’s
Emergency Medicine—Concepts and Clinical Practice.
Mosby; 2010:295-322.

13. Delaney JS, Frankovich R. Head injuries and
concussions in soccer. Clin J Sport Med.
2005;15:216-219. doi:10.1097/
01.jsm.0000168077.74497.a4

14. McCrory P, Meeuwisse W, Johnston K, et al.
Consensus statement on concussion in sport: the 3rd
international conference on concussion in sport held
in Zurich, November 2008. Br J Sports Med.
2009;43:176-84. doi:10.1136/bjsm.2009.058248

15. Delaney JS, Lamfookon C, Bloom GA, et al. Why
do university athletes choose not to reveal their
concussion symptoms during a practice or game? Clin
J Sports Med. 2015;25:113-125. doi:10.1097/
JSM.0000000000000112

16. Riemann BL, Guskiewicz KM. Effects of mild head
injury on postural stability as measured through
clinical balance testing. J Athl Train. 2000;35:19-25.

17. Guskiewicz KM, Ross SE, Marshall SW. Postural
stability and neuropsychological deficits after
concussion in collegiate athletes. J Athl Train.
2001;36:263-273.

18. McCrea M, Guskiewicz KM, Marshall SW, et al.
Acute effects and recovery time following concussion
in collegiate football players: the NCAA Concussion
Study. JAMA. 2003;290:2556-2563. doi:10.1001/
jama.290.19.2556

19. Kakavas G, Tsiokanos A, Potoupnis M, Tsaklis PV.
Mechanical and contractile properties of knee joint
muscles after sports-related concussions in women
footballers. J Funct Morphol Kinesiol. 2024;9:65.
doi:10.3390/jfmk9020065

20. Riemann B, Guskiewicz K. Effects of mild head
injury on postural stability as measured through
clinical balance testing. J Athl Train. 2000;35:19-25.

21. Guskiewicz K, Ross S, Marshall S. Postural
stability and neuropsychological deficits after
concussion in collegiate athletes. J Athl Train.
2001;36:263-273.

International Journal of Sports Physical Therapy


https://doi.org/10.1542/peds.2009-3101
https://doi.org/10.1016/j.jshs.2017.03.009
https://doi.org/10.1123/ijatt.2016-0005
https://doi.org/10.1097/JSM.0000000000000313
https://doi.org/10.1097/JSM.0000000000000313
https://doi.org/10.3171/2013.7.JNS121822
https://doi.org/10.1148/radiol.13130545
https://doi.org/10.1148/radiol.13130545
https://doi.org/10.1007/s10439-012-0731-0
https://doi.org/10.1007/s10439-012-0731-0
https://doi.org/10.1177/0883073816634857
https://doi.org/10.1177/0883073816634857
https://doi.org/10.1097/JSM.0b013e31828b67cf
https://doi.org/10.1097/00001199-200609000-00001
https://doi.org/10.1097/00001199-200609000-00001
https://doi.org/10.1097/01.jsm.0000168077.74497.a4
https://doi.org/10.1097/01.jsm.0000168077.74497.a4
https://doi.org/10.1136/bjsm.2009.058248
https://doi.org/10.1097/JSM.0000000000000112
https://doi.org/10.1097/JSM.0000000000000112
https://doi.org/10.1001/jama.290.19.2556
https://doi.org/10.1001/jama.290.19.2556
https://doi.org/10.3390/jfmk9020065

An Evaluation of the Balance Error Scoring System in Female Soccer Players Following Soccer Heading: A P...

22. McCrea M, Iverson G, Echemendia R, et al. Day of
injury assessment of sport-related concussion. Br J
Sports Med. 2013;47:272-284. doi:10.1136/
bjsports-2013-092145

23. Meehan WP III. Kids, Sports, and Concussions: A
Guide for Coaches and Parents. Bloomsbury
Publishing; 2018.

24. Lau BC, Kontos AP, Collins MW, Mucha A, Lovell
MR. Which onfield signs/symptoms predict
protracted recovery from sport-related concussion
among high school football players? Am J Sports Med.
2011;20(10):2311-2318. d0i:10.1177/
0363546511410655

25. Guskiewicz KM. Balance assessment in the
management of sport-related concussion. Clin J
Sports Med. 2011;30(1):89-102. do0i:10.1016/

j.csm.2010.09.004

26. Scopaz KA, Hatzenbuehler JR. Risk modifiers for
concussion and prolonged recovery. Sports Health.
2013;5(6):537-541. d0i:10.1177/1941738112473059

27. Meehan WP, d’Hemecourt P, Collins C, Comstock
RD. Assessment and management of sport-related
concussions in United States high schools. Am |
Sports Med. 2011;39(11):2304-2310. doi:10.1177/
0363546511423503

28. Marar M, Mcllvain N, Fields S, Comstock D.
Epidemiology of concussions among United States
high school athletes in 20 sports. Am ] Sports Med.
2012;40(4):747-755. doi:10.1177/0363546511435626

International Journal of Sports Physical Therapy


https://doi.org/10.1136/bjsports-2013-092145
https://doi.org/10.1136/bjsports-2013-092145
https://doi.org/10.1177/0363546511410655
https://doi.org/10.1177/0363546511410655
https://doi.org/10.1016/j.csm.2010.09.004
https://doi.org/10.1016/j.csm.2010.09.004
https://doi.org/10.1177/1941738112473059
https://doi.org/10.1177/0363546511423503
https://doi.org/10.1177/0363546511423503
https://doi.org/10.1177/0363546511435626

	An Evaluation of the Balance Error Scoring System in Female Soccer Players Following Soccer Heading: A Pilot Study
	Background
	Methods
	Results
	Conclusion
	Level of evidence
	Introduction
	Methods
	Instrumented BESS/Posturography
	Test protocol
	Statistical analysis

	Results
	Discussion
	Limitations of the study
	Conclusion
	Conflict of interest statement

	References


