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Abstract: This review paper describes an individualized, targeted clinical care approach for the
assessment, management, and treatment of sport-related concussions (SRC), and also highlights important
clinical considerations for providing care to females with a SRC. Ideally, SRCs should be managed by
an interdisciplinary medical team including but not limited to neuropsychologists, primary care sports
medicine physicians, and physical therapists. The clinician that coordinates care should employ a multi-
modal assessment approach (e.g., neurocognitive, vestibular/ocular motor, symptoms, balance, clinical
exam/interview) to capture the heterogeneity of symptoms and impairments that are associated with SRC.
Clinicians must also be aware of certain factors, specific to females that may complicate SRC recovery
such as female preferences for clinical care, their greater risk for established risk factors (e.g., concussion
history and migraine) and female sex hormone cycles that may influence multiple concussion outcomes (e.g.,
symptom reports and neurocognitive scores). Concussion management has moved away from a one-size-fits-

all approach and clinicians must be willing to provide a comprehensive assessment that caters to the needs of

females in order to individualize the treatment recommendations and avoid a prolonged recovery.
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Approximately 1.6 to 3.8 million sport- and recreation-
related concussions (SRC) occur every year (1). A SRC
is a complex pathophysiological process resulting from
biomechanical forces that are transmitted to the head
in a direct or indirect manner (e.g., whiplash) (2). This
injury results in a constellation of signs, symptoms, and
impairments that can negatively affect cognitive, physical,
emotional, and sleep-related functioning. The current
recommended clinical care model for SRC includes a
thorough clinical interview combined with a multi-modal
assessment approach that are amalgamated and used
to identify a predominant clinical profile (3) that has a
corresponding, targeted management and treatment plan
(e.g., vestibular or vision therapy). This patient-centered
care approach accounts for the influence of both personal
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and injury-related risk factors (e.g., migraine history) that
may influence diagnostic and prognostic outcomes.

The research examining gender differences on the
incidence of SRC and recovery outcomes is equivocal. Some
researchers report that in sports played by both males and
females, females sustain more concussions (4), endorse more
symptoms (5) and exhibit longer concussion recovery (6)
compared to males. However, these findings have not been
consistently replicated in the literature. Regardless of the
inconclusive nature of this literature, there are several
clinical considerations that sports medicine professionals
should keep in mind when assessing, managing, and
treating females with SRC. This review paper will describe
an individualized, targeted clinical care approach for the
assessment, management and treatment of SRC as well as
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Table 1 Risk factors for poor clinical outcome and protracted
recovery following SRC

(Secondary) post-injury risk

Br -injury risk fact
(Primary) pre-injury risk factors .

Younger age Loss of consciousness

Female gender On-field dizziness

Concussion history Continuing to play with SRC

Attention deficit hyperactivity High symptom burden
disorder

Learning disorder Retrograde and post-traumatic

amnesia

Motion sickness Post-traumatic migraine

SRC, sport-related concussion.

important clinical considerations for the concussed female
athlete within this clinical care model.

The clinical interview for SRC

The clinical interview is a dialogue between the clinician,
patient, and included family members which forms
the foundation for the clinical visit. The goal of the
clinical interview is to gain a better understanding of
the patient’s medical history and details of the SRC in
order to identify factors that may influence recovery and
make recommendations for targeted management and
treatment options. The clinical interview also serves as
an opportunity for the clinician to establish rapport and
strengthen the therapeutic alliance with the patient (7). The
therapeutic alliance is multidimensional and incorporates
communication, integration, collaboration, and patient
empowerment in the patient-provider relationship (8) and
is linked to symptom reporting (9) and greater patient
satisfaction (10). A strong therapeutic alliance may enable
the concussed patient to be more forthright and comfortable
about disclosing their symptoms and impairments following
injury.

There are several general recommendations that outline
the steps that healthcare providers can use to strengthen
the therapeutic alliance (11,12), and there are also
more pertinent empirical findings that highlight gender
differences among this concept as well as expectations from
healthcare providers during recovery (13). The therapeutic
alliance is associated with increased warmth/friendliness,
affirming/understanding, decreased belittling/blaming
and attacking/rejecting provider-patient interactions (12).
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Further, female patients tend to prioritize specific qualities,
such as trust, closeness, empathy, and positive regard in the
process of building the therapeutic alliance (11). Clement
and colleagues (13) reported that female patients expect
clinicians to provide an environment that is accepting,
nurturing, and trusting to facilitate personal growth and
rehabilitation. A strong therapeutic alliance is needed to
further elucidate an accurate health history.

The personal health history and injury-related
information that is obtained in the clinical interview
should be used to identify risk factors that may influence
performance on SRC assessments and further inform
management and treatment strategies. In addition, these
risk factors may not only affect the clinical presentation
of the patient (e.g., lower neurocognitive performance in
individuals with learning disability), but can also negatively
influence SRC recovery time. Established risk factors for
SRC outcomes are reviewed in several papers (14,15) with
the more common risk factors reported in the literature
listed in Table 1. Although gender is a recognized risk factor
for SRC outcomes, this variable may also interact with
other factors and complicate the management of SRC.

Some risk factors, such as migraine history, mood
disorders (e.g., depression, anxiety) and phase of menstrual
cycle, are more prevalent in females compared to males and
may require additional clinical consideration and/or care
when managing SRC. There is a greater preponderance of
migraine history in females compared to males, and history
of migraine (both personal and familial) is associated with
poor outcomes following SRC (16). Similarly, pre-morbid
and co-morbid depression and anxiety are linked to poor
SRC recovery outcomes (14) and females are more likely to
be diagnosed with depression (17) and anxiety during their
lifetime compared to their male counterparts (18).

Clinicians should also inquire about phase of menstrual
cycle and hormonal contraceptive use during the clinical
interview as this information may explain elevated symptom
reporting and menstrual irregularities during recovery
from SRC (19,20). The post-concussion and menstrual
symptoms that overlap include anxiety, lability, irritability,
difficulty concentrating, lethargy, sleeping difficulties, and
headaches (21,22). Wunderle and colleagues (20) reported
that women whose concussions occurred during the luteal
phase endorsed higher somatic symptoms compared to
women that sustained their concussion in the follicular
phase. Wunderle and colleagues (20) also reported
fewer concussion symptoms in women taking hormonal
contraceptives, which is also reported in other studies (23).
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In contrast to the literature investigating the effect of
menstrual cycle on concussion outcomes, there appears to
be an effect of concussion on menstrual cycle regulation.
Snook and colleagues (19) reported that females with a
SRC were 5.85 times more likely to experience two or more
abnormal menstrual bleeding patterns during recovery
compared to orthopedic-injured controls. The relationship
between fluctuations of sex hormones during the menstrual
cycle and their effects on concussion outcomes is complex,
as there is a large overlap of concussion and menstrual cycle
symptoms, and the mechanism of these aforementioned
associations between menstrual cycle and concussion
outcomes (e.g., neurocognitive function and symptom
reports) are unclear. However, both of these variables may
explain unanticipated changes in symptoms or menstrual
cycle in females with SRC.

A multi-domain assessment approach for SRC

Current consensus statements encourage the use of
multiple clinical assessments to better capture the various
symptom presentations and impairments associated with
SRC (2). These clinical measures broadly include symptom,
neurocognitive, vestibular, ocular, and postural stability
assessments. Recent emphasis and research on the pre-
morbid and co-morbid effects of mental health on SRC
outcomes (24) has also uncovered the need for clinicians
to consider incorporating self-report mood assessments
(e.g., anxiety and depression) during the SRC evaluation.
Although subjective symptom reporting remains the
centerpiece of the SRC evaluation, other measures
(e.g., computerized neurocognitive testing, vestibular,
ocular motor) can increase the objectivity for the clinical
evaluation of SRC. In fact, The National Institute for
Neurological Disorders and Stroke (NINDS) has identified
a set of Common Data Elements (CDEs) that inform which
domains to assess when providing care for SRC (25). Similar
to the clinical interview, assessment of concussion also calls
for the careful consideration of gender when administering
and interpreting data from these tools.

Symptom assessment

There are a number of concussion symptom inventories
available for use and although subjective, these assessments
are a major part of the evaluation process for SRC. Symptom
inventories help characterize the acute, sub-acute and chronic
effects of concussion, determine a clinical profile, and serve

© Annals of Joint. All rights reserved.

Page 3 of 8

as a marker of recovery. The internal consistency of popular
symptom scales (e.g., Head Injury Scale, Post-Concussion
Symptom Scale, and Graded Symptom Checklist) is high
(Chronbach’s alpha = 0.78 to 0.94) (26) and the sensitivity
and specificity ranges from 0.41 to 0.89 and 0.79 to 1.0 for
these measures (26,27). The most frequently reported post-
concussion symptoms are headaches, difficulty concentrating,
fatigue, and drowsiness (21), which are conceptualized
into clinical factors (e.g., cognitive-migraine-fatigue,
affective, somatic/physical, and sleep) for increased ease of
understanding and interpretation (21).

There are gender differences in post-concussion
symptom reporting. Females report a greater number (28)
and a higher severity (5) of post-concussive symptoms
compared to males. These reporting differences are
attributed to females being more forthright in their
symptom reports (29). In addition, females are more
likely to endorse more physical (e.g., headache, dizziness,
nausea, and vomiting) and somatic symptoms (e.g., poor
sleep, and sensitivity to light and noise) compared to their
male counterparts (30). These differences in symptom
reporting between genders might be due to the overlapping
symptoms from other aforementioned factors such as phase
of menstrual cycle or migraine history (20).

Somatization, pain catastrophizing, and co-morbid
mood disorders influence symptom reporting following
SRC and may be modified by gender. Somatization, or
the endorsement of symptoms that cannot be explained
by a known physical disease, is reported to occur in
55% of patients with concussion and is associated with
protracted recovery in females with SRC (31). Similarly,
pain catastrophizing, or symptom amplification due to
the misinterpretation of symptoms as threatening, has
been reported to be associated with adverse concussion
outcomes (i.e., post-concussion syndrome) (32). In addition,
overlapping symptoms of other mood disorders (e.g.,
depression or anxiety) may complicate the assessment and
management of SRC. For example, 90% of patients with
depression met criteria for post-concussion syndrome (33),
which is important to disentangle following SRC. The
somatization, pain catastrophizing, and co-morbid mood
disorders can complicate symptom reports from individuals
with SRC and should be screened by clinicians.

Vestibular and ocular motor assessment

Approximately 60-70% of adolescents report vestibular
and/or ocular-motor impairment following SRC (34),
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and until the recent development of the Vestibular/
Ocular Motor Screening (VOMS); the vestibular and
ocular motor assessment for SRC was time consuming
and required specialty training to conduct. The VOMS is
a brief screening tool that evaluates symptom provocation
on a series of ocular (pursuits and saccades) and vestibular
(vestibular ocular reflex and visual motion sensitivity) tests
in addition to measurement of near point of convergence
distance (34). The VOMS is not related to other balance
measures commonly used for SRC (Balance Error Scoring
System; BESS) and represents a unique assessment of
the vestibular-ocular system (35). The VOMS has a high
sensitivity for detecting SRC (34), and the items are
internally consistent (Chronbach’s alpha = 0.92-0.95)
(34,35). Gender differences in post-concussion vestibular
and ocular motor functioning is relatively understudied,
however the results from other non-SRC related vestibular
conditions reveal that females exhibit increased symptoms
compared to males. In one of the only studies to date on
this topic, Sufrinko and colleagues (5) reported females
exhibited higher symptom provocation on the vestibular
ocular motor reflex component compared to males. Other
researchers reported similar vestibular and ocular motor
functioning in non-concussed male and female youth
athletes (36). Overall, there are a lack of studies examining
gender differences on vestibular and ocular motor function
in individuals with SRC and additional research examining
gender differences is warranted.

Postural stability assessment

Approximately 66% of concussed athletes experience
balance impairments following SRC (37). The BESS is
one type of balance assessment that can be used in the field
setting and may be useful in detecting postural instability in
the acute phase following SRC. However, recent consensus
statements caution the use of balance assessments past five
days following SRC due to decreased utility. Moreover,
there are several guidelines for administering balance
assessments that clinicians should be aware of that include
footwear, surface, and reliability of test administrators.
In terms of gender differences and or specific clinical
considerations for assessing balance in female athletes
with SRC—the literature is inconsistent (38,39). There
are no differences in postural stability performance at the
beginning and end phases of the menstrual cycle in non-
concussed females, regardless of oral contraceptive use (40),
suggesting that postural stability is not affected by
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menstrual cycle.

Neurocognitive assessment

Neurocognitive testing is a commonly used SRC assessment
and adds objectivity to the clinical assessment toolbox.
Among certified athletic trainers, who are often responsible
for the detection and management of SRC in high school
and collegiate athletes, approximately 40-75% utilize
neurocognitive testing (41,42). Both paper-and-pencil and
computerized testing platforms are used for concussion
assessment (see NINDS CDE) (25) and these assessments
can be useful tools if administered and interpreted correctly.
A benefit of computerized platforms is the ability to easily
obtain baseline neurocognitive data on athletes (via group or
individual testing sessions) prior to the competition season.
These baseline scores serve as an estimate of neurocognitive
performance and can be used as a reference for a concussed
athlete. Allowing an athlete to serve as their own control
accounts for the potential effects of confounding factors
that are specific to that athlete and can complicate SRC
management. In cases where baseline scores are not
obtained, some neurocognitive tests have published age and
gender normative data.

Several researchers have examined gender differences
on neurocognitive performance at baseline and following
concussion. Overall, the well-established neurocognitive
differences between males and females are still prevalent
on baseline neurocognitive testing used for management
of SRC (i.e., females exhibit better performance on verbal-
based tasks and males exhibit better performance on
visuospatial-based tasks) (43). In contrast, studies comparing
post-concussion neurocognitive outcomes between males
and females are equivocal (5,44). Although the between-
gender examination of post-concussion neurocognitive
outcomes provide additional empirical knowledge, these
findings may have limited clinical application due to the
within-subject design of the SRC visit. More specifically,
the sports medicine professional that is providing care to
a female patient with a concussion is likely less concerned
about how her patient’s scores compare to males, but
more concerned with what factors the female has that
may be accounting for the neurocognitive improvement
or deterioration observed by the healthcare provider.
Therefore, it is more clinically relevant to examine other
factors that may influence neurocognitive performance
within females such as the aforementioned effects of
the menstrual cycle and specific clinical findings (e.g.,
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vestibular sensitivities, ocular-motor abnormalities). For
example, several studies have investigated the influence
that menstrual cycle phase had on baseline neurocognitive
testing and reported no significant differences in
neurocognitive performance between the early and late
phase of the menstrual cycle in non-concussed females (40).
Although several studies have examined gender differences
on pre- and post-concussion neurocognitive performance,
the within-subjects effect of factors inherent to female
athletes, such as the menstrual cycle, do not complicate the
neurocognitive assessment of the female athlete.

Management and treatment

Amalgamating the information obtained from a thorough
clinical interview and multi-modal assessments enables
the clinician to identify a clinical profile(s) that can be
matched to a corresponding management and treatment/
rehabilitation plan (3). A recent clinical consensus
recognized that SRC could be best characterized into five
clinical profiles (e.g., Vestibular, Ocular, Cognitive/fatigue,
Migraine, and Anxiety/mood) and two modifiers (e.g., sleep
impairments and cervical pain) (3). The composition of
each profile and modifier with recommended treatments
are presented in several clinical review articles (15). The
clinical profiles are primarily derived from a combination
of medical history, risk factors, injury information, clinical
characteristics, and assessment outcomes (15). However,
several studies supporting various components of this model
have been recently published (3). Most recently, Kontos and
colleagues (3) examined co-occurring profiles and found
that certain primary profiles were associated with specific
secondary profiles. For example, athletes with ocular as a
primary profile were more likely to have cognitive/fatigue as
a secondary profile compared to other primary profiles (15).
In addition, the primary profiles with the highest
frequency are migraine, anxiety/mood, and vestibular (3).
There are several proposed management and treatment
strategies for SRC that range from behavioral regulation,
vestibular therapy, visual rehabilitation, academic/work
accommodations, exertion therapy, psychotherapy, and
pharmacological interventions. To date there is a paucity
of research providing strong empirical support for these
treatment options, and most of the evidence behind these
interventions is borrowed from other areas of medicine.
These approaches are noted to be anecdotally supported for
concussion treatment and research validating the efficacy of
these measures is currently ongoing (15,45).

© Annals of Joint. All rights reserved.

Page 5 of 8

Recovery time

The recovery time for SRC has been a hot topic in the
concussion literature for the past 15 years. Earlier studies
reported that SRC recovery ranged from 5 to 7 days (46)
and more recent reports indicate that SRC recovery occurs
two to three weeks after injury (47). There are numerous
reasons for the disparate recovery time periods that
may include varying operational definitions of recovery,
differences in evaluation standards over time, differences
in concussion evaluation components amongst providers,
and advances in treatment recommendations. For example,
some studies classify recovery as being asymptomatic,
whereas others classify recovery as returning to baseline
or to norms on multiple assessments (e.g., symptoms,
neurocognitive functioning and vestibular/ocular-motor
function). Although these recovery times encompass the
majority of presentations, there is a miserable minority
of ~20% of individuals with SRC that will not recover
in the two to three week time frame (48). As previously
stated, clinicians can estimate the likelihood of concussed
individuals experiencing this protracted recovery by
identifying primary and secondary SRC risk factors (14).
Moreover recent evidence suggests that the early initiation
of sub-symptom threshold physical activity is beneficial
for recovery (2). Given the deleterious consequences of
prescribed rest past the first 24-48 hours, patients are also
being encouraged to reintegrate into their academic and
social activities in an effort to mitigate post-SRC mood
disorders and/or complications such as anxiety (49). More
specifically, females are reported to have a higher tendency
to internalize anxiety and emotion, which may negatively
influence their effort toward reintegration following SRC.
This highlights the need for clinicians to strengthen the
therapeutic alliance and rapport with females in order to
expedite their recovery from SRC.

Conclusions

Concussion is a heterogeneous injury that warrants a
multimodal assessment with an accompanying individualized
management and active treatment approach (see more
information on individualized management and treatment
in Appendix 1). Despite the recent evolution of concussion
care that has moved from a one-size-fits-all approach to a
patient-centered model, certain considerations are required
when providing care for females. Overall the literature and
experiences from clinical care suggest that females may
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differ from males on several concussion outcomes and given
the higher prevalence of some pre-morbid factors (i.e.,
migraine), females may present differently at different times
throughout the recovery process and be at a higher risk for
prolonged recovery outcomes.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the Guest Editors (Sommer Hammoud and Robin V.
West) for the series “Sports Related Injuries of the Female
Athlete” published in Annals of Foint. The article has

undergone external peer review.

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/a0j-20-43). The series “Sports Related
Injuries of the Female Athlete” was commissioned by the
editorial office without any funding or sponsorship. MNW
reports grants from Brainscope, Inc., outside the submitted
work. RJE reports grants from Brainscope, Inc., during the
conduct of the study; personal fees from Brainscope, Inc.,
outside the submitted work. The authors have no other
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Langlois JA, Rutland-Brown W, Wald MM. The
epidemiology and impact of traumatic brain injury: a brief

© Annals of Joint. All rights reserved.

10.

11.

12.

13.

14.

Annals of Joint, 2021

overview. ] Head Trauma Rehabil 2006;21:375-8.
McCrory P, Meeuwisse W, Dvorak ], et al. Consensus
statement on concussion in sport—the 5th international
conference on concussion in sport held in Berlin, October
2016. Br J Sports Med 2017;51:838-47.

Kontos AP, Sufrinko A, Sandel N, Emami K, et al. Sport-
related concussion clinical profiles: clinical characteristics,
targeted treatments, and preliminary evidence. Curr Sports
Med Rep 2019;18:82-92.

Covassin T, Moran R, Elbin RJ. Sex Differences in
Reported Concussion Injury Rates and Time Loss From
Participation: An Update of the National Collegiate
Athletic Association Injury Surveillance Program

From 2004-2005 Through 2008-2009. J Athl Train
2016;51:189-94.

Sufrinko AM, Mucha A, Covassin T, et al. Sex Differences
in Vestibular/Ocular and Neurocognitive outcomes
following Sport-related Concussion. Clin ] Sport Med
2017;27:133-8.

Colvin AC, Mullen J, Lovell MR, et al. The role of
concussion history and gender in recovery from soccer-
related concussion. Am J Sports Med 2009;37:1699-704.
Reynolds E, Collins MW, Mucha A, et al. Establishing a
Clinical Service for the Management of Sports-Related
Concussions. Neurosurgery 2014;75:571-81.
Agnew-Davies R, Stiles WB, Hardy GE, et al. Alliance
structure assessed by the Agnew Relationship Measure
(ARM). Br J Clin Psychol 1998;37:155-72.

Bickman L, de Andrade AR, Athay MM, et al. The
relationship between change in therapeutic alliance
ratings and improvement in youth symptom severity:
whose ratings matter the most?. Adm Policy Ment Health
2012;39:78-89.

Kim SC, Kim S, Boren D. The quality of therapeutic
alliance between patient and provider predicts general
satisfaction. Mil Med 2008;173:85-90.

Kastrani T, Deliyanni-Kouimtzis V, Athanasiades C.
Women as Counselling and Psychotherapy Clients:
Researching the Therapeutic Relationship. Eur ] Couns
Psychol 2017;6:138-61.

Najavits LM, Strupp HH. Differences in the effectiveness
of psychodynamic therapists: A process-outcome study.
Psychotherapy 1994;31:114-22.

Clement D, Hamson-Utley ], Arvinen-Barrow M, et al.
College Athletes’ Expectations About Injury Rehabilitation
With an Athletic Trainer. Int J Athl Ther Train
2012;17:18-27.

Elbin RJ, D’Amico N, McLeod TV, et al. Concussion:

Ann Foint 2021;6:39 | http://dx.doi.org/10.21037/a0j-20-43


http://dx.doi.org/10.21037/aoj-20-43
http://dx.doi.org/10.21037/aoj-20-43
https://creativecommons.org/licenses/by-nc-nd/4.0/

Annals of Joint, 2021

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Predicting Recovery. Return to Play in Football. Springer,
2018:723-35.

Kontos AP, Elbin RJ, Sufrinko A et al. Recovery Following
Sport-Related Concussion: Integrating Pre- and Postinjury
Factors Into Multidisciplinary Care. ] Head Trauma
Rehabil 2019;34:394.

Sufrinko A, McAllister-Deitrick J, Elbin R, et al. Family
History of Migraine Associated With Posttraumatic
Migraine Symptoms Following Sport-Related Concussion.
J Head Trauma Rehabil 2018;33:7-14.

Pearson C, Janz T, Ali J. Mental and substance use
disorders in Canada 2013.

McLean CP, Anderson ER. Brave men and timid women?
A review of the gender differences in fear and anxiety. Clin
Psychol Rev 2009;29:496-505.

Snook ML, Henry LC, Sanfilippo JS, et al. Association

of Concussion With Abnormal Menstrual Patterns

in Adolescent and Young Women. JAMA Pediatr
2017;171:879-86.

Waunderle K, Hoeger KM, Wasserman E, et al. Menstrual
Phase as Predictor of Outcome After Mild Traumatic Brain
Injury in Women. ] Head Trauma Rehabil 2014;29:E1-8.
Kontos AP, Elbin R], Schatz P, et al. A revised factor
structure for the post-concussion symptom scale:

baseline and postconcussion factors. Am J Sports Med
2012;40:2375-84.

Vetvik KG, MacGregor EA, Lundqvist C, et al. Symptoms
of premenstrual syndrome in female migraineurs with and
without menstrual migraine. ] Headache Pain 2018;19:97.
Gallagher V, Kramer N, Abbott K, et al. The Effects

of Sex Differences and Hormonal Contraception on
Outcomes after Collegiate Sports-Related Concussion. J
Neurotrauma 2018;35:1242-7.

Kontos AP, Covassin T, Elbin R, et al. Depression and
neurocognitive performance after concussion among male
and female high school and collegiate athletes. Arch Phys
Med Rehabil 2012;93:1751-6.

Broglio SP, Kontos AP, Levin H, et al. National Institute
of Neurological Disorders and Stroke and Department

of Defense Sport-Related Concussion Common Data
Elements Version 1.0 Recommendations. ] Neurotrauma
2018;35:2776-83.

McLeod TCV, Leach C. Psychometric Properties of Self-
Report Concussion Scales and Checklists. J Athl Train
2012;47:221-3.

Lau BC, Kontos AP, Collins MW, et al. Which on-field
signs/symptoms predict protracted recovery from sport-
related concussion among high school football players?

© Annals of Joint. All rights reserved.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 7 of 8

Am J Sports Med 2011;39:2311-8.

Broshek DK, Kaushik T, Freeman JR, et al. Sex differences
in outcome following sports-related concussion. J
Neurosurg 2005;102:856-63.

Gijsbers van Wijk CM, van Vliet KP, Kolk AM, et al.
Symptom sensitivity and sex differences in physical
morbidity: a review of health surveys in the United States
and The Netherlands. Women Health 1991;17:91-124.
Clair R, Levin Allen S, Goodman A, et al. Gender
differences in quality of life and symptom expression
during recovery from concussion. Appl Neuropsychol
Child 2020;9:206-14.

Root JM, Zuckerbraun NS, Wang L, et al. History of
somatization is associated with prolonged recovery from
concussion. J Pediatr 2016;174:39-44.e1.

Chaput G, Lajoie SP, Naismith LM, et al. Pain
catastrophizing correlates with early mild traumatic brain
injury outcome. Pain Res Manag 2016;2016:2825856.
Iverson GL. Misdiagnosis of the persistent postconcussion
syndrome in patients with depression. Arch Clin
Neuropsychol 2006;21:303-10.

Mucha A, Collins MW, Elbin R]J, et al. A Brief Vestibular/
Ocular Motor Screening (VOMS) Assessment to Evaluate
Concussions: Preliminary Findings. Am J Sports Med
2014;42:2479-86.

Yorke AM, Smith L, Babcock M, et al. Validity and
reliability of the vestibular/ocular motor screening and
associations with common concussion screening tools.
Sports Health 2017;9:174-80.

Moran RN, Covassin T, Elbin R]. Sex Differences

on Vestibular and Ocular Motor Assessment in Youth
Athletes. J Athl Train 2019;54:445-8.

Cross E, Podolak OE, Lockyer J, et al. Prevalence of
Vestibular and Vision Problems Following Concussion in
Children Under 12. Pediatrics 2018;141:201.

Covassin T, Elbin R, Harris W, et al. The role of age

and sex in symptoms, neurocognitive performance, and
postural stability in athletes after concussion. Am J Sports
Med 2012;40:1303-12.

Howell DR, Hanson E, Sugimoto D, et al. Assessment of
the Postural Stability of Female and Male Athletes. Clin J
Sport Med 2017;27:444-9.

Mihalik JP, Ondrak KS, Guskiewicz KM, et al. The
effects of menstrual cycle phase on clinical measures of
concussion in healthy college-aged females. ] Sci Med
Sport 2009;12:383-7.

Buckley TA, Burdette G, Kelly K. Concussion-
Management Practice Patterns of National Collegiate

Ann Foint 2021;6:39 | http://dx.doi.org/10.21037/a0j-20-43



Page 8 of 8

Athletic Association Division II and IIT Athletic Trainers:
How the Other Half Lives. J Athl Train 2015;50:879-88.
42. Meehan WP, d’Hemecourt P, Collins CL, et al.

Computerized neurocognitive testing for the management

of sport-related concussions. Pediatrics 2012;129:38-44.
43. Weiss EM, Kemmler G, Deisenhammer EA, et al. Sex
differences in cognitive functions. Pers Individ Differ
2003;35:863-75.

44. Zimmer A, Piecora K, Schuster D, et al. Sport and Team
Differences on Baseline Measures of Sport-Related
Concussion. J Athl Train 2013;48:659-67.

45. Leddy JJ, Kozlowski K, Donnelly JP, et al. A preliminary
study of subsymptom threshold exercise training for

refractory post-concussion syndrome. Clin J Sport Med
2010;20:21-7.

doi: 10.21037/20j-20-43
Cite this article as: Stephenson K, Womble MN, Hawa N,
Elbin RJ. Clinical considerations for the assessment,

management, and treatment of concussion in females. Ann Joint
2021;6:39.

© Annals of Joint. All rights reserved.

46.

47.

48.

49.

Annals of Joint, 2021

McCrea M, Hammeke T, Olsen G, et al. Unreported
Concussion in High School Football Players: Implications
for Prevention. Clin J Sport Med 2004;14:13.

Henry LC, Elbin R], Collins MW, et al. Examining
Recovery Trajectories After Sport-Related Concussion
With a Multimodal Clinical Assessment Approach.
Neurosurgery 2016;78:232-41.

Wood RL. Understanding the ‘miserable minority’: a
diasthesis-stress paradigm for post-concussional syndrome.
Brain Inj 2004;18:1135-53.

Collins MW, Kontos AP, Okonkwo DO, et al. Statements
of agreement from the targeted evaluation and active
management (T EAM) approaches to treating concussion
meeting held in Pittsburgh, October 15-16, 2015.
Neurosurgery 2016;79:912-29.

Ann Foint 2021;6:39 | http://dx.doi.org/10.21037/a0j-20-43



Supplementary

Supplemental questions

1. Dr. Robin V. West: Are there home recovery programs
that can be given to post-concussion patients?

Author’s Answer:

Yes, there are home recovery programs that can be provided
to patients recovering from concussion. Most often, home
recovery programs are developed for those individuals
recommended to receive vestibular, cervical and/or vision
therapies following concussion. It is important to note that
not everyone recovering from concussion requires specific
therapies following their injury and these are recommended
individually based on the identified clinical profile(s) and
clinical presentation. Some individuals only require home
management which typically involves implementation
of a regulated daily schedule (i.e., eating regular meals,
staying well hydrated, engaging in daily physical activity,
maintaining a regular sleep schedule and managing stress)
as well as use of short breaks throughout the day to help
with management of symptoms.

2. Dr. Robin V. West: When a patient with pre-disposing
risk factors to a prolonged recovery or poor outcome
presents to you following a concussion, what do you do
differently during that first appointment when compared
to a patient who bas no pre-injury risk factors?

Author’s Answer:

In general, you do not have to do anything differently
as long as your first appointment with every patient is
comprehensive (i.e., includes multiple assessment tools,

© Annals of Joint. All rights reserved.

includes detailed clinical interview with relevant pre-injury
risk factors, review of current symptoms) and includes all
the necessary components to fully evaluate the injury. That
being said, the biggest differences or consideration points
for those with pre-injury risk factors tends to be rate at
which a therapy and/or medication may be recommended.
For example, in an individual with a history of migraines
that is showing a migraine profile post-concussion
medications may be initiated sooner. Additionally,
providing education at that initial appointment for those
with pre-injury risk factors is important in terms of setting
appropriate expectations which can ultimately reduce stress
and improve overall recovery.

3. Dr. Robin V. West: Is it safe to "clear" an athlete to

return to play if they are symptom-free but have continued
"abnormal" findings on VOMS?

Author’s Answer:
The short answer is

“yes” it can be safe in certain

circumstances though it is rather rare to have abnormal
findings upon clearance. The VOMS, like any other tool
used post-concussion, is meant to be used in conjunction
with other measures to fully evaluate all aspects that can be
affected post-concussion and therefore it is not meant to be
an end-all-be-all in terms of determining clearance. Some
individuals with certain pre-existing histories (e.g., lazy eye,
motion sickness, migraine) may be more likely to obtain
“abnormal” findings and therefore these factors must be
considered when evaluating results. Additionally, results can
sometimes be affected by external factors such as mood (e.g.,
anxiety) and/or another illness (e.g., allergies, flu).
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