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ORIGINAL ARTICLE

Parasympathetic baroreflexes and heart rate variability during acute stage of sport
concussion recovery
Scott Bishopa, Ryan Decha, Taylor Bakera, Matthew Butzb, Kaishan Aravinthana, and J. Patrick Nearya

aFaculty of Kinesiology and Health Studies, University of Regina, Regina, Saskatchewan, Canada; bCollege of Medicine, University of Saskatchewan,
Saskatoon, Saskatchewan, Canada

ABSTRACT
Primary objective: To assess and compare the parasympathetic state of individuals in healthy vs concus-
sion groups, by measuring cardiovascular metrics under resting and baroreflex conditions using a squat-
stand manoeuvre.
Research design: This was a retrospective mixed-method study, with participants who sustained a
medically diagnosed sport concussion (n = 12), being tested within 72-hours post-injury.
Methods and procedures: Participant’s heart rate (Electrocardiogram, ECG) and blood pressure (finger
plethysmography) data was collected during rest and during 10-second squat-stands (10SS, 0.05 Hz).
Blood pressure and heart rate standard deviation data was analysed in the 0–5 seconds and 6–10
seconds periods of squatting and standing. Resting and baroreflex ECG data were analysed via Fourier
Transformations for %Low Frequency and %High Frequency (%LF and %HF).
Results: The control group alleviated more pressure and had a significantly higher standard deviation of
heart rate during the 6–10 seconds of squatting (p < 0.05). Overall heart rate standard deviation in the
concussion group was significantly lower than healthy controls when standing (p < 0.05). There were no
differences in %LF and % HF between groups or between rest and 10SS.
Conclusion: This study provides preliminary evidence that autonomic function is dysregulated following
mTBI within the initial 72 hours of injury.
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Introduction

Previous traumatic brain injury (TBI) research has utilized heart
rate variability (HRV) as a biomarker to infer autonomic health
and ‘autonomic recovery’ [1–7]. Other gauges of autonomic func-
tion after TBI have led some researchers to utilize ‘tools and
measures’ of current best practices (i.e. cerebral blood flow velo-
city, blood pressure, intracranial pressure and heart rate). When
such objective data is transformed, more physiologically mean-
ingful interpretations can be inferred about a patient [8–10].

Other severe brain injury studies that focused on ‘dynamic
cerebral autoregulation’ (induced by thigh cuff deflation) have
shown impairments in blood pressure and blood flow regula-
tion in the 2 weeks after injury. Naturally, those participants
with worse Glasgow Coma Scale scores had poorer flow-
pressure control upon cuff deflation [11].

Based on this previous TBI research and more recent mild
TBI (mTBI) research, the combined use of heart rate variability
(HRV) and blood pressure (BP) metrics suggest autonomic
dysfunction in concussion. Recent reviews and research support
that the autonomic nervous system is implicated in sport-related
concussion [12–15]. This includes a publication that has assessed
the blood pressure wave contours in healthy individuals and
individuals who have sustained a concussion and has shown
that, at the start of a new waveform, the change in pressure (in
mmHg s–1) is significantly higher following concussion [15].

HRV is used more frequently than BP regulation to assess
autonomic function in mTBI. In a group of elite ice hockey
players, HRV was monitored during rest and during both a
10-minute low–moderate exercise bout (1.5 W Kg–1) and a
high intensity (4.5 W kg–1) interval session until volition
[13,16]. The results showed no differences for HRV when
comparing concussed and healthy controls in a resting para-
sympathetic state [13]. However, significant decreases for
ECG R-wave to R-wave (RR) mean, low frequency (LF)
power and high frequency (HF) power (but not %LF or %
HF) were reported during the low–moderate exercise bout in
the concussed compared to the control group [13].

For interpretation of this study, it is reminded that LF
HRV metrics are being measured when the parasympathetic
response is withdrawn [17], when RR intervals are chronically
low, when carbon dioxide (CO2) values are high and when
mean arterial blood pressure (MAP) is likely being placed
through a physiological ‘high pass blood flow filter’. Thus,
the significantly reduced post-exercise LF power in indivi-
duals who have sustained a concussion suggests an altered
autonomic relationship between the aforementioned variables.

Other concussion research ventures have assessed recovery
with supine-to-standing baroreflex challenges [18].
Comparisons between mTBI and healthy controls showed
decreased LF% when supine, decreased HF power and HF%

CONTACT J. Patrick Neary, PhD, Professor patrick.neary@uregina.ca Faculty of Kinesiology and Health Studies, University of Regina, 3737 Wascana Pkwy,
Regina, Saskatchewan, Canada, S4S 0A2.
Color versions of one or more figures of the in the article can be found online at www.tandfonline.com/ibij.

BRAIN INJURY
http://dx.doi.org/10.1080/02699052.2016.1226385

© 2016 Taylor & Francis

http://www.tandfonline.com/ibij


when supine and a decreased LF:HF ratio when supine.
However, a limitation of this study was that the mTBI parti-
cipants were within an average of 20 months post-injury
(which is a time frame not commonly studied in acute con-
cussion) and the participant groups had a large but statisti-
cally non-significant difference in ages (control age = 25.6 ±
8.8 years; mTBI group = 37.0 ± 13.3 years). While these
findings were attributed to brain injury, it is suspected age
and fitness may have played a role in the supine LF
differences.

Unfortunately, there have been less blood flow–pressuremea-
sures applied to concussion; however, one study utilized thigh
cuff deflation techniques and reported that the autoregulation

index was lower in mTBI participants than controls [19]. This
study indicated that the raw mean arterial pressure (MAP)
changes upon cuff deflation were significantly lower in the
mTBI group. Moreover, when their mTBI sample was re-
assessed based on their worst eight autoregulation scorers vs
their ‘normal’ mTBI scorers, they noted that the poorer auto-
regulatory group’s MAP upon cuff deflation was statistically
lower than the ‘normal autoregulation’ mTBI group [19]. The
major issue with this study was that the mTBI cohort had
abnormal computerized topography scans and required surgical
interventions, which is not characteristic of sport concussion.

A similar study used professional boxers (but not in a
concussed state at the time of measurement) and showed

Table 1. Participant Demographics.

Demographics: Control Versus Concussion

Variable
Participant
Grouping N Mean ± SD

Levene
Significance
(p-value)

T-Test Statistic (corrected
for unequal variance with

significant
Levene Test)

T-Test Significance (p-value;
corrected for unequal variance
when Levene Test significant)

Age (yrs) Healthy 89 17.78 ± 2.33 0.014 –2.18 0.046
mTBI 12 19.92 ± 3.06

Height (cm) Healthy 89 182.86 ± 5.82 0.76 –0.83 0.93
mTBI 12 182.83 ± 5.01

Body Mass (kg) Healthy 89 83.86 ± 7.76 0.2 1.32 0.19
mTBI 12 81.38 ± 6.16

Day Post Injury Healthy 89 0 n/a n/a n/a
mTBI 12 2.17 ± 0.72

Number of Symptoms Healthy 89 1.58 ± 2.02 0.001 –4.99 < 0.0001
mTBI 12 11.42 ± 4.14

Symptom Severity Healthy 89 2.26 ± 3.35 0.001 –6.55 < 0.0001
mTBI 12 25.25 ± 14.26

Table 2. Within Subject (within parasympathetic state) HRV metrics.

HRV Within-Subject (Healthy Squat Stands Versus Healthy Resting)

Variable Participant N Mean ± SD T-Test Statistic T-Test Significance

RRmean Rest 70 936.98 ± 141.71 16.53 < 0.0001
Squat-Stands 70 757.22 ± 84.00

RRSD Rest 70 92.51 ± 40.13 –17.89 < 0.0001
Squat-Stands 70 177.64 ± 48.37

HRmean (5min.) Rest 70 66.09 ± 9.31 –25.5 < 0.0001
Squat-Stands 70 84.28 ± 9.06

SDHR (5min) Rest 70 6.42 ± 2.30 –27.88 < 0.0001
Squat-Stands 70 17.35 ± 3.53

NN50 Rest 70 97.47 ± 82.11 –2 0.05
Squat-Stands 70 113.41 ± 39.23

pNN50 Rest 70 14.87 ± 12.88 –1.69 0.10
Squat-Stands 70 16.85 ± 6.39

VLFpower Rest 70 7053.07 ± 6124.20 –11.49 < 0.0001
Squat-Stands 70 27125.64 ± 17398.58

LFpower Rest 70 33.70 ± 37.18 –7.86 < 0.0001
Squat-Stands 70 90.94 ± 77.46

HFpower Rest 70 5.58 ± 5.95 -9.03 < 0.0001
Squat-Stands 70 15.25 ± 11.65

Total Power Rest 70 7092.36 ± 6164.13 –11.48 < 0.0001
Squat-Stands 70 27231.86 ± 17477.28

%LF Rest 70 85.22 ± 1.38 –0.2 0.84
Squat-Stands 70 85.24 ± 1.39

%HF Rest 70 14.76 ± 1.38 0.2 0.84
Squat-Stands 70 14.74 ± 1.38

LF:HFratio Rest 70 5.84 ± 0.68 –0.22 0.82
Squat-Stands 70 5.85 ± 0.70

SampEn Rest 70 0.0076 ± 0.0013 –4.46 < 0.0001
Squat-Stands 70 0.0081 ± 0.00091

ApEn Rest 70 0.026 ± 0.0037 –4.55 < 0.0001
Squat-Stands 70 0.027 ± 0.0025

PETCO2 Rest 78 33.77 ± 3.35 –9.2 < 0.0001
Squat-Stands 78 36.76 ± 2.84

Note. RRmean (ms), RRSD (ms), HRmean (bpm), SDHR (bpm), NN50 (count), pNN50 (%), VLFpower (ms2), LFpower (ms2), HFpower (ms2), Total Power (ms2), LF:HR ratio (%).
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Table 3. Between healthy and oncussed HRV metrics.

HRV Between-Subject (Healthy Squat Stands Versus Concussed Squat Stands)

Variable Participant N Mean ± SD Levene T-Test Statistic corrected for unequal

RRmean Healthy 73 756.30 ± 82.41 0.7 0.85 0.4
mTBI 12 735.08 ± 64.49

RRSD Healthy 73 176.02 ± 48.21 0.7 1.89 0.062
mTBI 12 147.90 ± 44.03

HRmean (5min) Healthy 73 84.29 ± 8.88 0.63 -0.37 0.71
mTBI 12 85.29 ± 6.64

SDHR (5min) Healthy 73 17.25 ± 3.51 0.9 1.94 0.056
mTBI 12 15.15 ± 3.30

NN50 Healthy 73 111.66 ± 39.60+ 0.84 2.17 0.033
mTBI 12 85.25 ± 35.62

pNN50 Healthy 73 16.60 ± 6.41 0.4 2.56 0.012
mTBI 12 11.64 ± 5.89

VLFpower Healthy 73 26592.73 ± 17258.85 0.26 1.61 0.11
mTBI 12 18335.31 ± 10041.94

LFpower Healthy 73 88.65 ± 76.78 0.23 1.45 0.15
mTBI 12 55.78 ± 38.37

HFpower Healthy 73 14.89 ± 11.57 0.14 1.59 0.12
mTBI 12 9.44 ± 6.08

Total Power Healthy 73 26696.29 ± 17337.12 0.26 1.61 0.11
mTBI 12 18400.56 ± 10081.28

%LF Healthy 73 85.20 ± 1.38 0.034 0.17 0.87
mTBI 12 85.16 ± 0.76

%HF Healthy 73 14.77 ± 1.37 0.034 -0.17 0.87
mTBI 12 14.82 ± 0.75

LF:HFratio Healthy 73 5.83 ± 0.69 0.045 0.51 0.62
mTBI 12 5.76 ± 0.36

SampEn Healthy 73 0.0082 ± 0.00092 0.99 0.049 0.96
mTBI 12 0.0081 ± 0.00087

ApEn Healthy 73 0.027 ± 0.0025 0.77 0.044 0.97
mTBI 12 0.027 ± 0.0025

PETCO2 Healthy 76 36.76 ± 2.84 0.131 0.895 0.37
mTBI 12 35.93 ± 3.95

Note. RRmean (ms), RRSD (ms),HRmean (bpm), SDHR (bpm), NN50 (count), pNN50 (%), VLFpower (ms2), LFpower (ms2), HFpower (ms2), Total Power (ms2), LF:HR ratio (%).

Table 4. Separated squatting and standing heart rate standard deviations (HRSD, bpm) for total (10s), early (0-6s), peak (4-7s) and late (6-10s) phases.

Seperated Squat and Stand Heart Rate Standard Deviation

Variable
Participant
Grouping N Mean ± SD (mmHg)

Levene
Significance
(p-value)

T-Test Statistic
(corrected for

unequal variance
with significant
Levene Test)

T-Test Significance (p-value;
corrected for unequal

variance when Levene Test
significant)

squatearlyHRSD Healthy 73 18.50 ± 4.65 0.23 0.95 0.35
mTBI 12 17.17 ± 3.39

squatpeakHRSD Healthy 73 12.53 ± 5.91 0.025 2.66 0.014
mTBI 12 9.16 ± 3.68

squatlateHRSD Healthy 73 11.91 ± 5.89 0.004 3.32 0.003
mTBI 12 7.70 ± 3.69

standearlyHRSD Healthy 73 13.46 ± 4.81 0.13 2.49 0.015
mTBI 12 9.84 ± 3.55

standpeakHRSD Healthy 73 10.69 ± 6.53 0.002 3.29 0.003
mTBI 12 5.99 ± 4.18

standlateHRSD Healthy 73 10.96 ± 6.59 0.002 3.54 0.002
mTBI 12 5.69 ± 4.41

Table 5. Separated squatting and standing blood pressure changes during the late (6-10s) phase.

Seperated Squat and Stand Blood Pressure

Variable
Participant
Grouping N Mean ± SD

Levene
Significance
(p-value)

T-Test Statistic (corrected for
unequal variance with

significant
Levene Test)

T-Test Significance (p-value; corrected for
unequal variance when Levene Test

significant)

S squatlatechangeMA P Healthy 84 –4.33 ± 3.10 0.52 –2.38 0.019
q mTBI 12 –2.04 ± 3.26
u squatlatechangeSYS Healthy 84 –6.22 ± 4.29 0.56 –1.99 0.05
a mTBI 12 –3.54 ± 4.84
t squatlatechangeDIA S Healthy 84 –3.38 ± 3.17 0.7 –2.09 0.039

mTBI 12 –1.36 ± 2.89
S standlatechangeMA P Healthy 84 3.96 ± 3.53 0.11 1.47 0.15
t mTBI 12 2.82 ± 4.82
a standlatechangeSYS Healthy 84 3.06 ± 4.88 0.32 0.61 0.54
n mTBI 12 2.12 ± 5.90
d standlatechangeDIA S Healthy 84 4.20 ± 3.48 0.17 1.57 0.12

mTBI 12 2.46 ± 4.37
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similar results in that the autoregulatory index was affected in
comparison to age, gender and fitness matched controls [20].
Hence, the direct application of autonomic function to sport
concussion is more prevalent in the literature, but requires
further research.

As just described, few blood pressure studies have investi-
gated the effects of concussion. Hence, a brief overview of this
physiology is pertinent here. The peripheral nervous system
utilizes baroreceptors and chemoreceptors to monitor the
pressure and current metabolic status of the body at the aortic
arch and carotid artery. These chemo- and pressure-signals
are then integrated with central nervous system baro- and
chemoreceptors, which are located in a diffuse cardiorespira-
tory network within the medulla [21–25]. When peripheral
and central nervous system chemo- and baroreceptor activity
is integrated in the medulla, flow-pressure is constantly mon-
itored and adjusted (relative to CO2) during rest and exercise.
Naturally, the amount of cardiorespiratory change is again fed
back to the medulla in which the same central and peripheral
chemo- and baroreceptors integrate and re-adjust flow-pres-
sure by altering heart rate, blood pressure and cerebral perfu-
sion [21,23,24,26–29].

Based on this structure–function relationship of cerebrovascu-
lar regulation and how HRV is linked to the medulla, one can
imply that aerobic exercise requires the withdrawal of parasympa-
thetic activity, the lowering of RR intervals (which lowers LF
power but increases %LFpower), with concomitant increases in
CO2 and increases in blood pressure. Thus, aerobic exercise
creates a situation in which consistently high cerebral blood flow
(from heart rate and CO2) generate a physiological ‘high pass
blood flow filter’ that challenges the ability to manage acute
pressure changes [12,17,21,30–34]. Conversely, parasympathetic-
mediated baroreflexes have no exercise-induced ‘high pass blood
flow filter’ to decrease pressure change sensitivity and will gen-
erate RR intervals that are not consistently short [35,36]. Hence,
baroreflexes will likely generate a high LF power, but the %LF
power will likely be lower [17].

The magnitude of acquired mTBIs at the recreational activ-
ity level requires a simple, safe and cost-effective measurement,
which is easily administered and can be used by civilians [37–
41]. To address these needs, the trend of reduced HRV-LF
metrics after TBI and mTBI and the altered pressure regulation
after mild-to-moderate brain injuries needs further investiga-
tion. Thus, the purpose of this study was to examine the
baroreflex responses with HRV and blood pressure measures
in the acute stage (72 hours) of concussion in male athletes.
Using a simple, cyclical postural baroreflex protocol (10 second
squat-stands (10SS)) [42], it was hypothesized that: (1) resting
parasympathetic state vs parasympathetic-mediated barore-
flexes will generate normalized HRV-frequency metrics (%LF,
%HF, LF:HFratio) and will not be statistically different in
healthy controls; (2) HRV metrics will be lower when indivi-
duals who have sustained a concussion are compared to con-
trols during a baroreflex challenge; (3) blood pressure
regulation during the squat-stand in individuals who have
sustained a concussion will be attenuated post-injury when
compared to healthy controls; and (4) the above protocol will
give evidence for a safe and cost-effective method to assess
individuals who have sustained a concussion.

Methods

This project utilized retrospective data from the 2013–2014
and 2014–2015 ice hockey seasons, with all control participant
data procured prior to the start of the regularly scheduled
games. Concussed participants assessment was conducted on
an ongoing basis. See the below section for a more detailed
overview

Participant recruitment

At the time of this project, male subjects from the University
of Regina Men’s Varsity Hockey team, Junior Hockey League
teams and additional subjects being pooled from elite hockey
teams that can be drafted into the National Hockey League
and the American Hockey League were recruited. Injured
athletes were prospectively assessed (at the time) and were
encouraged to visit the lab as many times as their schedule
allowed. While this experimental design is limited to retro-
prospective analysis, the data collection process reflects the
current state for physiological management of concussed ath-
letes. Said differently, there are no consensus guidelines stat-
ing that athletes must schedule appointments within a certain
time period after injury, and so athletes entered the lab at
uncontrolled time periods. Hence, data was collected based on
player availability (but were within 72 hours post injury) [43].
The analysis of acquired data at uncontrolled timelines pro-
vides insight to the current autonomic state. The broad time-
line measures that were captured in this study aim to promote
the injury to be managed based on autonomic physiology.

Participant familiarization

Participants filled out the following information forms:
informed consent (ethical approval of human subjects by the
University of Regina Research Ethics Board; REB#55R1213),
medical history, concussion history, pre-testing activity ques-
tionnaires and Sport Concussion Assessment Tool (SCAT)
symptom scales. Participants who were legally defined as a
minor had their informed consent signed by a parent or
guardian.

The medical history form screened for the following: age,
height, weight, highest level of education, major family ill-
nesses, early family mortality (< 50 years), prescription and
non-prescription medications, learning disabilities, any cur-
rent physician-monitored conditions (including musculoske-
letal) and any previous drug abuse. Exclusion criteria included
medication use (except oral contraceptives), those who smoke
and those who have either a neurological (e.g. epilepsy, brain
tumour), respiratory (e.g. asthma, chronic bronchitis), cardi-
ovascular (e.g. hyper/hypotension, arrhythmias) or psycholo-
gical (e.g. learning disability, bipolar disorder) conditions.

The concussion history form screened for the following:
the date of each previous concussion, the sport in which the
injury occurred, the age of the participant at the time of
injury, if a hospital visit was sought, if consciousness was
lost, how long a variety of symptoms (e.g. memory issues,
headaches, dizziness, irritability) persisted following each con-
cussion and the time it took to fully return-to-play.

4 S. BISHOP ET AL.



The pre-activity questionnaire provided information
regarding the last 24 hours. These questions include alcohol
intake, caffeine ingestion, tobacco usage, exercise participation
within the last 12 hours, concussion symptom exacerbation
and any other activities that the participant feels will compro-
mise the outcomes of the experimental protocol. All partici-
pants refrained from alcohol and tobacco products 24 hours
before visiting the lab and were asked to avoid strenuous
physical activity and caffeinated beverage 12 hours prior to
visiting. Although smoking was listed in the exclusion criteria
and it has lost its place in competitive sport, there are still
several athletes who use chewing tobacco. Many of these
individuals do not associate smoking with chewing tobacco
use and, thus, it was necessary at the time of testing to ask
participants to refrain from all tobacco-containing products.

Lastly, Likert-scaled SCAT symptoms were used to assess
how the participant was feeling at the time of the assessment.
These symptoms are still used for the immediate diagnosis of
concussion [43].

Baseline measurements and injury protocols

Equipment
An amplifier and data acquisition software (PowerLab 8/32
Amplifier, Labchart Software; ADInstruments, Colorado
Springs, CO) were used in conjunction with an ECG system
(Dual BioAmp, ADInstruments), a finger plethysmograph
(Finometer PRO; Finapres Medical Systems, Amsterdam,
Netherlands) and a breath-by-breath capnograph
(ADInstruments). The ground ECG electrode was placed
on the left anterior superior iliac spine and the two main
leads were placed underneath the middle portion of each
clavicle (Lead I configuration). The plethysmograph cuff
was placed on the left middle finger and had the height
corrector placed at the level of the heart. The Finometer was
initially calibrated (PhysioCal) according to the manufac-
turers specifications prior to each assessment, but the
PhysioCal was turned off during the assessment to obtain
an unaltered waveform. The capnograph was calibrated
using atmospheric pressure, a 47 mmHg constant for inter-
plural pressure and primary standard gases with known
percentages of gas (16.0% O2, 4.0% CO2, balance N2).
Additional HRV software (Kubios V. 2.1, HRV Biosignal
Analysis and Medical Imaging Group, Finland) was used to
analyse the raw RR intervals.

Baseline protocol
Following the equipment set-up, the procedure began with 5
minutes of spontaneous resting data in a seated position.
After the rest phase, participants stood up for a minimum of
2 minutes to allow for a new baseline flow-pressure equili-
brium ‘set point’ to be established. Following this, each parti-
cipant completed a cyclical 10-second squat, 10-second stand
(10SS) postural (baroreflex) test (0.05Hz) [42]. To ensure that
each squat–stand was performed to the same depth of flexion,
a goniometer was used to establish the squat position and
checked throughout the testing period. Prior to beginning this
part of the test, participants were instructed to transition from
the squatting to the standing position in 1 second. The

postural test was completed in 5 minutes, after which the
experimental protocol was over [42].

Injury assessment and return-to-play
An Athletic Therapist, Physical Therapist or Medical Doctor
diagnosed athletes who sustained a concussion. Once diag-
nosed, participants revisited the laboratory for follow-up phy-
siological monitoring and SCAT symptoms. As symptoms
abated, return-to-play decisions were made by the team phy-
sician or the subject’s personal medical doctor and followed a
modified version of the British Columbia–Concussion
Recovery Protocol [44].

Data processing and analysis

As an overview, the above demographic information was
compiled into a database. Participants were excluded if they
did not meet the previously stated medical history and pre-
participation requirements. Using this exclusion criteria, there
were 89 healthy controls and 12 concussed participants (who
visited the lab within 72 hours) that were eligible for further
analysis. While all the participants who sustained a concus-
sion had optimal physiology measurements, unfortunately
there were control participant physiology measures that were
not able to meet the data processing standards. This led to a
full set of concussed physiology (n = 12), that was compared
to large sub-sets of healthy control physiology. Figure 1 pro-
vides a flow diagram of the data analysis and statistical
comparisons.

Phase 1
The acquisition software (Labchart, ADInstruments, Colorado
Springs) was used to detect both the resting and baroreflex RR
intervals. This was accomplished using pre-configured ECG
settings that used inverse threshold detection parameters and
a minimum 300-millisecond detection window to detect each
QRS event. Pre-configured ectopic beat analysis was also used
for these ECG signals. After the RR intervals were visually
inspected to ensure that the QRS complex was actually being
detected, the data was exported at 250 Hz for additional
analysis using HRV software (Kubios V. 2.1, HRV Biosignal
Analysis and Medical Imaging Group). There were 70 parti-
cipants of the original 89 that had complete (i.e. resting and
squat-stand) ECG signals that could be analysed. Seventy-
three participants had ECG signals during squat–stands that
could be analysed.

The HRV software was set at a bin size of 1024, with no
window and no overlap. Frequency intervals were set at > 0.04
(very low frequency; VLF), 0.04–0.15 (low frequency; LF) and
0.15–0.40 (high frequency; HF). The following variables were
automatically calculated using the HRV software: RRmean,
RR standard deviation (SDRR), average heart rate (HRmean),
standard deviation of heart rate (SDHR), the number of
intervals that differ by more than 50 milliseconds (NN50),
the percentage of NN50 relative to the sample (pNN50), very
low frequency (VLF), low frequency (LF), high frequency
(HF), normalized low frequency (%LF), normalized high fre-
quency (%HF), the low frequency–high frequency ratio (LF:
HF ratio), Short-Term Variability (SD1), Long-Term
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Variability (SD2), Approximate Entropy (ApEn) and Sample
Entropy (sEn).

Blood pressure was collected by the PowerLab system at
400 Hz. Then it was inspected initially to ensure that there
were not automated calibrations occurring during the squat–
stand manoeuvre. The blood pressure wave form during rest
and squat–stands utilized inverse detection parameters that
were paired with a 300 millisecond detection window. Once
detected, the maximum (systolic), minimum (diastolic) and
mean pressures (MAP) were calculated. The beat-by-beat
brachial arterial pressure waveform was inspected visually
after the acquisition programme’s detection threshold para-
meters were used and then the data exported at 10 Hz.
Following this, the first squat–stand cycle was omitted [42]
and, if background noise was present during the remaining 14
squat–stand cycles, it was manually removed. Of the 89

participants who were eligible for blood pressure analysis, 84
participants had good squat–stand blood pressure waveforms.
Those that were not eligible had ‘background noise’ that was
characteristic of excess finger movement.

The pressure changes during squatting and standing were
separated into the early (0–6 s), peak (4–7 s) and late (6–10 s)
phases. Of interest was the late-phase average pressure change
during squatting and standing, as this time period is most
likely prone to an adjustment in pressure. This is supported
by the physiological definition of dynamic cerebral autoregu-
lation, which is the ability to maintain blood flow-pressure in
a 5-second time span and is inversely related to baroreflex
sensitivity [45,46]. Hence, after the first 5 seconds of squatting
or standing, a flow-pressure adjustment was anticipated. To
represent this pressure adjustment, the 10th second was sub-
tracted from the 6th second for each of the 14 squats and

-
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Healthy Controls n = 89

Concussed (72hrs) n  = 12

Statistical Comparisons

Between-Subject: healthy controls (n = 

89) vs. mTBI (n = 12) 

All physiology (below) was broken down, 

separately analyzed, and compared to a 

full concussion  data set.

ECG Data Analysis: Phase 1 & Phase 2

-

- QRS detection, ectopic beat removal, 

visual inspection, and 250 Hz export

- 250 Hz to 10 Hz down sample, 

early/peak/late HRSD calculations for 

squatting and standing

HRV
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Concussed Rest / Squat-Stand = 12
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Control Squat-stand = 73

Concussed Rest / Squat-Stand = 12

Statistical Comparisons
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Concussed Rest / Squat-Stand = 12
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-Between-Subject: health control (n=78) 

vs. mTBI (n = 12)

Figure 1. Outline of the retrospective data analysis process and statistical comparisons for ECG, blood pressure and gas analysis.
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stands and then the difference in systolic (SYS), diastolic
(DIAS) and MAP was averaged. These six variables are iden-
tified as ‘squatlatechange for SYS, DIAS and MAP’, and ‘stan-
dlatechange for SYS, DIAS and MAP’.

The offline analysis of expired CO2 utilized the original
acquisition software (Labchart, ADInstruments) and was
sampled at 1 Hz. Detection of peak expired gases (peak end
tidal CO2; PETCO2) used sine-wave inverse threshold para-
meters and were set to report the maximum amount of
expired air for each breath. Both resting and baroreflex data
was taken as a 5-minute average. Of the original 89 partici-
pants, 78 participants were eligible for gas analysis.

Phase 2
Because Fourier transformations do not separate the two
unique phases of the baroreflex challenge, the previously
processed RR intervals were transformed to ‘match’ the
blood pressure data. To do this, the RR intervals were
down-sampled from 250 Hz to 10 Hz and then the first 20-
second squat–stand phase was eliminated. Following this, the
RR intervals were transformed into heart rate and heart rate
standard deviation (HRSD). Please note the difference
between SDHR (Fourier Transformations) and the HRSD
measures for discrete time series in squatting and standing.
The HRSD variables were divided into the squat and stand
phases and were averaged for ‘early’ (0–6 s, squat/stand-early-
HRSD), ‘peak’ (4–7 s, squat/stand-peak-HRSD) and ‘late’ (6–
10 s, squat/stand-late-HRSD) standard deviations.

Statistical analysis

Initial eligibility (demographics) between-subject tests
The demographic information of the initial 89 healthy and 12
concussed participants were analysed, so as to determine the
differences in physical attributes of the controls and indivi-
duals who have sustained a concussion (prior to any physiol-
ogy analysis—see Figure 1 for a review). Age, height, body
mass, SCAT total symptoms and SCAT symptom severity
were assessed for statistical differences using a between-sub-
ject Student t-test (IBM SPSS v.19, Chicago, IL).

Post-data analysis: within-subject HRV statistical tests
Comparing healthy resting vs healthy baroreflex data (with a
repeated measures Student’s t-test set at a significance level of
0.05) will indicate if the participants are outside a parasympa-
thetic state. This is deemed a valid comparison, as the
Introduction highlighted the need to carefully interpret if
the HRV-LF measures are either representing parasympa-
thetic baroreflexes or sympathetic drive [17]. Variables of
interest for this within-subject comparison of 5-minute seated
resting and 5-minute baroreflex HRV data include: RRmean,
RRSD, NN50, pNNn50, normalized LF (%LF), normalized HF
(%HF), the LF:HFratio, ApEn and SampEn, and PETCO2

(IBM SPSS v.19).

Post-data analysis: between-subject HRV, HRSD and BP
statistical tests
For healthy vs mTBI comparisons, a between-subject
Student’s t-test for the 5-minute squat–stand HRV data was

carried out for RRmean, RRSD, NN50, pNN50, %LF, %HF,
LF:HFratio, ApEn and SampEn.

The blood pressure metrics (‘latechange for SYS, DIAS,
MAP’) were divided into the stand and squat phases and a
between-subject Student t-test compared healthy vs mTBIs.
Similarly, the HRSD metrics were divided into squat and
stand phases (squat and stand-early-HRSD, squat and stand-
late-HRSD; squat and stand-peak-HRSD). These HRSD
phases for healthy and individuals who have sustained a
concussion were compared using a between-subject student’s
t-test (IBM SPSS v.19).

Results

As mentioned previously, 89 healthy control subjects and 12
concussed subjects were eligible for demographic analysis and
physiological analysis, with some healthy control data
removed for each physiology variable if it did not meet the
data processing standards (see Figure 1). Thus, a full set of
concussed physiological data from 12 participants was com-
pared to sub-sets of physiology data that stem from the
initial 89.

Initial eligibility (demographics) between-subject test
results

Participant demographics are shown in Table I. Healthy con-
trol participants (n = 89; males) were 17.78 ± 2.33 years of
age, 182.86 ±5.82 cm tall and were 83.86 ± 7.76 kg. Healthy
controls exhibited an average of 1.58 ± 2.02 total symptoms,
with a severity of 2.26 ± 3.35. Concussed participants (n = 12;
males) were 19.92 ± 3.06 years old, were 183.00 ± 4.83 cm tall
and were 80.88 ± 6.16 kg. The injured participants had an
average symptom severity of 25.25 ± 14.26 and a total symp-
tom score of 11.42 ± 4.14. Within the 72-hour period, three
participants were recruited within 24 hours, five within 48
hours and four within 72 hours; for an average of 2.17 ± 0.72
days post-injury.

Levene’s test for equality of variances was significant for
age [F(1,99) = 6.43, p < 0.05], symptom severity [F(1,99) =
154.18, p < 0.001] and total symptoms [F(1,99) = 16.14, p <
0.001]. Concussed participants [(n = 12) = 19.92 ± 3.06 years]
were statistically older than controls [(n = 89) control = 17.77
± 2.33 years] [t(12.79) = –2.34, p < 0.05]. Total number of
symptoms in controls [(n = 89) = 1.58 ± 2.02] was signifi-
cantly lower compared to individuals who have sustained a
concussion [concussed symptoms = 11.42 ± 4.14 (n = 12)], t
(11.71) = –8.09, p < 0.001]. Lastly, control participants also
had a lower symptom severity score [(n = 89), control symp-
tom severity = 2.26 ± 3.35] vs concussions [(n = 12), symptom
severity = 25.25 ± 14.26] [t(11.16) = –5.56, p < 0.001].

Post data analysis: within-subject HRV statistical test
results

The main results for the control group’s within parasympa-
thetic state comparisons (n = 70) showed no significant dif-
ferences for %LF [resting%LF = 85.23 ± 1.38%; baroreflex%LF
= 85.24 ± 1.38%; t(69) = –0.199, p = 0.842], %HF [resting =
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14.76 ± 1.38%, baroreflex = 14.74 ± 1.38; t(69) = 0.200, p =
0.842] or the LF:HFratio [resting = 5.84 ± 0.68; baroreflex =
8.85 ± 0.70; t(69) = –0.223, p = 0.842]. It was noted that
RRmean, RRSD, HRmean, HRSD, NN50 and ApEn,
SampEn and PETCO2 were all significantly increased during
the baroreflex challenge (see Table II).

Post-data analysis: between-subject HRV, HRSD and BP
statistical test results

HRV metrics
Significant decreases in NN50 were found for the mTBI group
(n = 12; NN50 = 85.25 ± 35.62) vs the control group (n = 73;
NN50 = 111.66 ± 39.60) [Levenes Test, F(1,83) = 0.044, ns; t
(83) = 2.17, p < 0.05]. Because of this finding, there was also a
significant decrease in pNN50 for mTBI (n = 12, pNN50 =
11.64 ± 5.89%) vs controls (n = 73, pNN50 = 16.60 ± 6.41%)
[Levenes Test, F(1,83) = 0.72, ns; t(83) = 2.56, p < 0.05]. It is
also important to note that there were no significant differ-
ences in %LF, %HF or the LF:HF ratio when comparing
controls vs concussions. For a full list of between-subject
comparisons see Table III.

HRSD metrics
Beginning with the squatting HRSD variables, the squatting-
peak-HRSD was lower in concussed participants (n = 12;
squatpeakHRSD = 9.16 ± 3.68 SD,BPM) than healthy controls
(n = 73; squatpeakHRSD = 12.53 ± 5.9 SD,BPM) [Levenes
Test, F(1,83) = 5.21, p < 0.05; t(2.167) = 2.66, p < 0.05]. The

squat-late HRSD was also significantly lower in concussed
participants (n = 12; squatlateHRSD = 7.70 ± 3.69 SD,BPM)
when compared to controls (n = 73; squatlateHRSD = 11.91 ±
5.89 SD,BPM) [Levenes Test, F(1,83) = 8.71, p < 0.01; t(21.59)
= 3.32, p < 0.01]. No other HRSD variables were significant
during squatting.

There were also significant differences for HRSD variables
during standing. The standing early HRSD (standearlyHRSD)
was significantly lower in concussed (n = 12; standearlyHRSD
= 9.84 ± 3.55 SD, BPM) when compared to controls (n = 73;
standearlyHRSD = 13.46 ± 4.81 SD,BPM) [Levenes Test, F
(1,83) =2.54, ns; t(83) = 2.49, p < 0.05]. The HRSD during
the peak 4–7 second phase of standing (standpeakHRSD) was
lower in concussions (n = 12; standpeakHRSD = 5.99 ± 4.18
SD,BPM) than controls (n = 73; standpeakHRSD = 10.69 ±
6.53 SD,BPM) [Levenes Test, F(1,83) = 9.92, p = 0.01; t(21.05)
= 3.29, p < 0.01]. Lastly the late phase of standing for HRSD
was also significantly lower [Levenes Test, F(1,83) = 9.74, p <
0.01; t(20.15) = 3.54, p < 0.01], in the concussion group (n = 12;
standlateHRSD = 5.69 ± 4.41 SDBPM) when compared to
controls (n = 73; standlateHRSD = 10.96 ± 6.59 SD,BPM)(see
Table IV and Figure 2).

Blood pressure metrics
There were no positive Levene Tests for the ‘late phase’
pressure change variables, nor were there any significant
findings for late phase pressure changes during standing.
However, the concussion group’s late phase pressure change
for MAP during squatting (n = 12, squatlatechnageMAP = –
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2.04 ± 3.26 mmHg), when compared to controls (n = 84,
squatlatechnageMAP = –4.33 ± 3.10 mmHg), was significantly
lower [Levene’s Test, F(1,94) = 0.41, ns; t(94) = –2.38, p <
0.05]. The squatting late phase diastolic pressure change in the
concussion group (n = 12, squatlatechangeDIAS = –1.36 ±
2.89 mmHg), when compared to the concussed group (n = 84,
squatelatechangeDIAS = 4.20 ± 3.48 mmHg), was also signif-
icantly lower [Levenes Test, F(1,94) = 0.15, ns; t(94) = –2.09, p
< 0.05]. Lastly, the concussion group (n = 12,
squatlatechangeSYS = –6.22 ± 4.29 mmHg) in comparison
to control (n = 84, squatlatechangeSYS = –3.54 ± 4.84) was
also significantly lower (see Table V and Figure 3).

Discussion

This study compared cardiovascular indices of HRV and BP
between controls and concussed participants using both a
between-group and within-subject comparison. For within-

subject contrasts, healthy resting HRV was compared to
healthy baroreflex stimulations, i.e. using a squat–stand man-
oeuvre. The intent of the healthy within-subject comparison
was to confirm that baroreflexes are occurring within a para-
sympathetic state [7,17,47]. The findings for the healthy rest
vs healthy baroreflex comparisons were that no significant
differences were found for %LF, %HF or LF:HF ratio. It is
noted, however, that healthy baroreflex LFpower and healthy
baroreflex HFpower were significantly greater than resting
values (as expected), but again were not different when con-
verted to a percentage of the signal being acquired.

These results speak to previous literature which has indi-
cated that resting LFpower can be higher than exercise-
induced LFpower, but, when the signals are converted to a
percentage, resting %LF actually contributes far less to the
signal than %LF during exercise [17]. This previous study
corroborates the current study’s two separate (healthy) HRV
signals (LF, HF) which, when converted into percentages and
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compared within the same autonomic state, were not different
because the HRV signal was interpreted relative to an auto-
nomic state in which the signals were acquired [17]. To the
authors’ knowledge, this has not been examined before when
comparing the pathophysiology of concussion [2–
4,6,13,30,48,49].

The ‘within-parasympathetic state comparison’ is further
reinforced by the carbon dioxide changes, which showed that
the cyclical squat–stand challenge only increases CO2 levels
from ~ 33 mmHg to 36 mmHg. It was noted that 36 mmHg is
below levels associated with exercise [50] and is below base-
line values used in brain imaging projects that control CO2 as
a means to study cerebrovascular reactivity and neurovascular
coupling [51].

As a last note on the between and within subject compar-
isons of healthy physiology, the n for this section of the
research project was 70, and resulted in p-values which were
both above 0.8 for %LF, %HF and the LF:HF ratio. This seems
to indicate that a Type II statistical error is unlikely.

In light of the observations made above, the HRV compar-
isons of healthy vs acutely concussed baroreflexes, once again
%LF, %HF and the LF:HF ratio, were not statistically differ-
ent. This seems to suggest that the parasympathetic state is
still dominating autonomic function, whether an individual
has sustained a concussion or not. Moreover, this result is
supported by previous research, which reported that healthy
controls and participants with high Glasgow Coma Scale
Scores (GCS 14–15), whose HRV was recorded and compared
in parasympathetic states, showed no statistical differences in
HRV metrics [4,13]. It is noted, however, that this finding
does conflict with another HRV-baroreflex study [18].
However, as mentioned previously, the study in question
assessed mild brain injury outside the normal window of
‘recovery’, i.e. assessed at 5–43 months post-injury, and a
large age difference was noted between groups (25.6 ± 8.8
years for control vs 37.0 ± 13.3 for the mTBI). Moreover, the
Hilz et al. [18] study also reported that none of the partici-
pants were exhibiting concussion symptoms and had a GCS of
14–15.

Although the current study’s HRV metrics were not statis-
tically significant, the authors were intrigued to find that
specific components of heart rate standard deviation
(HRSD) were significantly different. For example, in the
later phases of squatting, and all phases of standing, HRSD
was lower in the concussed group (displayed in Figure 2). To
interpret these specific HRSD decrements and propose a
physiological mechanism(s), Figure 2’s heart rate (top) and
HRSD (bottom) during squatting and standing must be inves-
tigated further. However, the proposed HRSD mechanism(s)
which explain the variable’s decrements must be interpreted
in context of the blood pressure curves during squatting and
standing (Figure 3, left panel) and during the pressure allevia-
tion when squatting (Figure 3, right panel).

As seen in Figures 2 and 3 healthy control data, during the
10-seconds of squatting, it is clear that blood pressure rises,
heart rate decreases and HRSD increases—all of which are
occurring to protect from hyperperfusion [35,36,52]. It is
postulated that the slowing of heart rate is likely occurring
through vagal stimulation of the heart’s sinoatrial node (SA

node). Another component that is likely slowing heart rate is
the increase in pressure which is fed back into the Frank-
Starling mechanism (because the increase in pressure slows
flow returning to the heart) [53].

While this is a plausible ‘one-way mechanism’ that explains
the HRSD decrements, one must also consider Figure 3’s
right-hand panel, which shows that individuals who have
sustained a concussion are likely to be more ‘pressure passive’.
Figure 3 (right panel) indicates that individuals who have
sustained a concussion only relinquish a small amount of
pressure in the late phase of a 10-second squat. This signifi-
cantly reduced pressure alleviation in individuals who have
sustained concussion is associated with standard deviations
that suggest that pressure alleviation might not occur at all.
Stated differently, it is suggested that concussions may alter
the baroreflex vasomotor tone and may result in the inability
to properly alleviate pressure when holding a 10-second squat.
Healthy participants, on the other hand, can consistently
alleviate pressure changes and their standard deviations
imply that pressure alleviation occurs consistently.

Collectively, these results suggest that this lack of pressure
alleviation in a concussed state may be attributable to a loss of
vascular myogenic tone (which is likely induced by altered
sympathetic-baroreflex frequency and/or sensitivity) and a
potentially reducing stroke volume (related to the Frank-
Starling Law) as reflected by the reduced HRSD
[9,10,15,19,20]. However, due to the low statistical power
and limited number of participants sustaining a concussion,
the HRSD and pressure alleviation results must be interpreted
with caution. Furthermore, the HRSD comparisons must also
be considered in terms of the HRV comparisons, which
showed that RRSD, SDHR, NN50 and pNN50 were all
approaching significance (RRSD and SDHR) or were signifi-
cantly different when comparing controls to those who sus-
tained a concussion (Table III). Hence, these HRSD
comparisons during squatting and standing (Table IV) may
be repetitive background noise associated with the Fourier
Transformation. Having stated this, preliminary findings for
altered heart rate variance warrant further investigation.

To summarize, vagal innervations and the myogenic con-
tribution to blood pressure regulation both play a role in
understanding the current study’s results. Furthermore, a
transient loss of myogenic tone and an altered vagal influ-
ence on the sinoatrial node can be explained through mild
damage that is incurred onto the cortex
[4,7,8,12,17,30,31,47,49,54–57].

To be more specific about this mechanism, brain injury
models have sought to explain how loss of consciousness can
occur in both mild and severe brain injuries. The general
consensus for these brain injury models is that the reticular
activating system in the medulla must be affected if loss of
consciousness occurs; and that increasing brain injury severity
must result with increasing damage to the cortex (and follow
with increasing damage to the subcortical layers as severity
increases) [54–56]. Knowing that a mild brain injury primar-
ily inflicts damage in the cortical layers of the brain, one must
then consider where the cardiovascular regulation is occur-
ring. It is noted that there is increasing research which indi-
cates that the frontal lobe does indeed have connections to
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limbic and medullary areas [12,21,30,31,47]. Moreover, it was
stated in the Introduction that a diffuse chemodetection net-
work is present in the medulla, in which peripheral and
central chemo- and baroreceptor stimuli are integrated
[21,23–25,29,45]. Hence, it is postulated that the previous
research projects that show cardiovascular and/or cerebrovas-
cular deficits after brain injury must have perturbed connec-
tions between the frontal lobe and the medulla [2–5,8–13,15].

In light of the statistically significant physiological changes
related to HRSD and MAP changes during squatting, the
authors found it interesting that no significant differences
were found between healthy and individuals who have sus-
tained a concussion when comparing %LF, %HF and the LF:
HF ratio. Because of these findings, it seems reasonable to
state that the baroreflex protocol used in the present study
does not require sustained sympathetic tone. Thus, the poten-
tial risk for symptom exacerbation that is brought on because
of a sympathetic response is unlikely. Instead, the concussion-
induced haemodynamic perturbations measured reflect a bar-
oreflex mechanism occurring in a parasympathetic state and,
thus, ‘symptom exacerbation’ (if any) will likely manifest as a
transient dizziness not unlike pre-syncope. As this study does
not have SCAT data after performing the baroreflex test, no
correlations between symptoms and pressure change are pos-
sible. Moreover, parsing out dizziness associated with the
baroreflex test and not the concussion itself would be very
cumbersome, as the SCAT questionnaire was not designed to
distinguish concussion symptoms from syncope. Additionally,
the data herein illustrates cyclical changes in pressure. Thus,
when considering the absence of post-baroreflex SCAT symp-
tom measurement, the authors cannot rule out headache
symptom exacerbation either (especially in instances of high
blood pressure, driven by the squat).

To put these results into perspective of injury manage-
ment, it is noted that no test is without the potential for
symptom exacerbation and it is documented that both baror-
eflexes and other cognitive stimuli can indeed elicit symptoms
(as just stated) [58,59]. That said, it is noted that there are no
consensus guidelines which call for limiting baroreflex stimu-
lations, as they are unconscious processes and, unlike cogni-
tive tests, are very difficult for unfamiliarized participants to
deceive [43,60,61]. Most importantly, any baroreflex ‘symp-
tom exacerbations’ would be occurring in a parasympathetic
state and are not prone to any of the emerging symptom
exacerbations that can occur when trying exercise during a
difficult concussion recovery [62,63]. Hence, this protocol can
be included prior to re-introducing exercise post-injury as a
safety measure. Thus, a baroreflex protocol has the potential
to act as a ‘screener’ for pressure regulation that may only be
further challenged during a patient’s first exercise bout.

Moreover, when managing concussions in youth, clinicians
rely on recommendations which promote sub-symptom-thresh-
old activities and often include complete cognitive and physical
rest during the initial days post-injury [64–66]. Hence, the
squatting and standing manoeuvre is an effective and cost-
effective way to assess the parasympathetic nervous system (as
indicated by the %LF and %HF comparisons) between health
and concussed participants during the baroreflex challenge.
Again, the authors predict that, should symptom exacerbation

occur, it would be occurring in a parasympathetic state and may
result in symptoms relating to pre-syncope or headaches.

Thus, the ability to quickly screen the parasympathetic
nervous system with this protocol may one day lead to indi-
cators of when it is safe for individuals to be allowed to
progressively add exercise and return-to-play. For example,
if a concussion spontaneously resolves within the first 48
hours (while possible, this does not typically reflect the stan-
dard 7–10 day recovery) [67], it would be ideal to screen for
exercise induced system exacerbation by first stressing the
sympathetic nervous system transiently. This is achieved
through acute vagal withdrawal via squat–stands, as the data
herein shows that HR does approach 100 beats per minute,
which physiologically constitutes vagal withdrawal. The same
can be said for a concussion that takes longer than 7–10 days
to resolve. In either scenario (spontaneous resolution or
delayed recovery), the transient stressing of the sympathetic
nervous system can be accomplished with a baroreflex test,
such as the one described in this paper.

Limitations

Additional follow-up until the concussed participant’s return-
to-play is needed to confirm that the baroreflex mechanism is
re-established once athletes begin participating in their sport.
Additionally, more studies that use a prospective study design to
confirm the present study’s preliminary findings is warranted.

Statistical power is also a limitation of this study, which
relates strongly to the aforementioned limited sample size of
the concussion group. As previously mentioned, the Fourier
transformed HRV data indicates that NN50, pNN50 and
SDHR are significant (or approaching significance). Thus, it is
expected that sub-categories of HRSD will also be significant.
When framed in contexts of low statistical power, again, the
HRSD results must be interpreted with caution. However, the
other HRV metrics (%LF, %HF and the LF:HF ratio) are not
significantly different and it can be stated with confidence that
no Type II statistical error is occurring. The low statistical
power also applies to the blood pressure alleviation differences.

Conclusion

This study assessed a baroreflex protocol and discovered that
pressure alleviation and heart rate standard deviations were
significantly decreased statistically following a sport-related
concussion. It was postulated that these results are likely
attributed an altered vascular myogenic tone and/or an altered
vagal tone. While vagal and myogenic tone are thought to be
predominately mediated by processes in the medulla, new
areas of research indicate that indeed the frontal cortex can
modulate these unconscious processes and that these pro-
cesses are altered when the cortex is damaged, such as during
a sport-related concussion [2,6,12,30,49,54].
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