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Editorial

JCCA December 2021 Sports Chiropractic Special Issue: 13th Edition

Mohsen Kazemi, RN, DC, FRCCSS(C), FCCPOR(C), MSc, PhD!

Assistant Editor

(JCCA. 2021;65(3):240)
KEY WORDS: sports, chiropractic

MOTS CLES : sports, chiropratique

I would like to thank you for your ongoing support of
the Journal of the Canadian Chiropractic Association
(JCCA) and the annual Sports Chiropractic special issue.
I would also like to thank Canadian Chiropractic Associ-
ation (CCA) and JCCA for keeping manuscript submis-
sion and publication free of charge. This kindness has
enabled many students and researchers to publish their
work and many learners and readers to access the articles
freely. This year’s issue is packed with very interesting
and thought-provoking articles. In this issue you will find
a systematic review, a small RCT, a couple of original
research papers, and interesting case reports. I hope you
enjoy this issue and feel encouraged and empowered by
it.

As always, I would like to encourage you to get in-
volved in sports chiropractic research in any way that you
can. If you have a dataset, an interesting case, or an innov-
ative research idea and need help developing it, please do
not hesitate to contact me, or any member of our Editorial
Board or members of the RCCSS(C).

! Canadian Memorial Chiropractic College

Corresponding author: Mohsen Kazemi, 6100 Leslie Street, Toronto, ON M2H 3J1

E-mail: mkazemi@cmcc.ca
Tel: 416-482-2340

© JCCA 2021

The author has no disclaimers, competing interests, or sources of support or funding to report in the preparation of this manuscript.
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Does induced fatigue alter dynamic balance in
athletes? A systematic review

Nader Abdelkader, BSc, DC!
Andrew Romanelli, BPhEd, DC, MSc?
Sheilah Hogg-Johnson, MMath PhD*#

Objectives: To determine the influence of induced fatigue
on dynamic balance in healthy athletes.

Design: Systematic review

Data sources: PUBMED, MEDLINE, CINAHL, Sports
Discus, and the Cochrane library from onset to May 28,
2019

Eligibility criteria: Eligible studies included any study
examining the effects of induced-fatigue on dynamic
balance, as measured by the SEBT/YBT, in healthy
athletic populations. Studies with a low risk of bias were
considered scientifically admissible for a best evidence
synthesis.

Results: Fifteen studies with low risk of bias were
included — seven investigated recreational athletes while
eight focused on competitive athletes. In the recreational
population, five of the studies found significant decrease
in dynamic balance following the fatiguing intervention.

La fatigue musculaire modifie-t-elle 1’équilibre
dynamique chez les athletes? Etude systématique
Objectifs : Déterminer si la fatigue musculaire a des
effets sur I’équilibre dynamique chez les athlétes en bon
état de santé.

Méthodologie : Revue systématique

Sources des données : PUBMED, MEDLINE,
CINAHL, Sports Discus et la bibliotheque Cochrane du
début des publications jusqu’au 28 mai 2019.

Criteres d’admission : Les études admissibles
comprenaient toutes celles qui avaient porté sur les
effets de la fatigue musculaire sur I’équilibre dynamique,
telle qu’elle mesurée par le SEBT/YBT dans des
populations de sportifs sains. Les études comportant
un faible risque de biais ont été considérées comme
scientifiquement admissibles pour faire une synthése des
meilleures données probantes.

Résultats : Quinze études présentant un faible
risque de biais ont été retenues; sept portaient sur des
athletes amateurs et les huit autres, sur des athlétes de
compétition. En ce qui concerne les athlétes amateurs,
cing études ont montré une diminution importante de

! Division of Graduate Studies, Sports Sciences, Canadian Memorial Chiropractic College
2 Division of Undergraduate Education, Canadian Memorial Chiropractic College

3 Department of Research & Innovation, Canadian Memorial Chiropractic College
4

Dalla Lana School of Public Health, University of Toronto.

Corresponding author: Nader Abdelkader, Canadian Memorial Chiropractic College, 6100 Leslie St, North York, ON, Canada M2H 3J1

Tel: 647-867-4720
e-mail:drnaderabdelkader@gmail.com

© JCCA 2021

The authors have no disclaimers, competing interests, or sources of support or funding to report in the preparation of this manuscript.
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However, the remaining two concluded with insignificant
changes. As for the competitive population, three studies
showed significant effects of induced fatigue on dynamic
balance, while five showed no effects.

Conclusion: There are conflicting results regarding
the effects of induced fatigue on dynamic balance. The
majority of studies focused on competitive athletes found
that fatigue did not alter their dynamic balance. Per
contra, the majority of studies focused on recreational
athletes concluded the opposite — fatigue did indeed
affect dynamic balance.

(JCCA. 2021;65(3):241-259)

KEY WORDS: postural balance, muscle fatigue, athlete,
leg injuries, dynamic balance

I’équilibre dynamique apres une activité causant de
la fatigue. Cependant, dans les deux autres études,
les changements n’étaient pas importants. En ce qui
concerne les athletes de compétition, trois études ont
montré que la fatigue musculaire avait d’importants
effets sur ’équilibre dynamique, tandis que cing n’en ont
montré aucun.

Conclusion : Les résultats des études sur les effets
de la fatigue musculaire sur [’équilibre dynamique sont
contradictoires. La majorité des études portant sur des
athletes de compétition ont montré que la fatigue n’avait
aucun effet sur I’équilibre dynamique. Par contre, la
majorité portant sur les athletes récréatifs ont conclu le
contraire, ¢’est-a-dire que la fatigue avait un effet sur
I’équilibre dynamique.

(JCCA. 2021;65(3):241-259)

MOTS CLES : équilibre postural, fatigue musculaire,
athlete, blessures aux jambes, équilibre dynamique

Introduction

While static balance is defined as maintaining a stable
base of support with minimal body movement, dynam-
ic balance is defined as withstanding movement within
the base of support.' Deviations of the extremities occur-
ring during movement can influence the center of mass
(CoM) away from the base of support. Balance is gained
by maintaining the CoM within the base of support. It can
be argued that dynamic balance is required in skills such
as jumping, hopping, and switching directions.

Dynamic balance has previously been identified as a
vital athletic skill among gymnasts?, footballers®, golfers*,
volleyballers’, fencers®, and tackwondo athletes’. Deficits
of dynamic balance have been shown to be a risk fac-
tor for injuries, particularly in the lower extremities such
as muscular/tendon strains and ligamentous sprains.®!!
Furthermore, it has been shown that dynamic balance en-
hances sport performance.'*"?

Notwithstanding, this ability to maintain postural con-
trol within the base of support during dynamic move-
ments may be compromised during fatigue. Previous soc-
cer studies have identified an increase of musculoskeletal
injuries toward the end of matches in both professional'*

242

and amateur footballers'>, which may be related to fa-
tigue. In light of this, subsequent studies investigated the
effects of induced fatigue on dynamic balance in athletes
as a potential risk factor for dynamic balance alterations
and injury.

One of the most feasible ways to assess dynamic bal-
ance, especially for the side-line sport practitioner, is
through the Star Excursion Balance Test (SEBT), or its
modified version, the Y-Balance Test (YBT). The out-
come from the SEBT/YBT is how far the subject can
reach with a lower limb without losing balance from the
stance limb. Because these tests do not require any spe-
cial equipment, they are feasible for sideline practicality.
They have previously been used to assess lower extrem-
ity musculoskeletal injury risk®'! and rehabilitation prog-
ress'>!3, and have been shown to have excellent inter and
intra rater reliability when used in healthy adults'.

A previous systematic review by Gribble et al. ' inves-
tigated the clinical utility of the SEBT as a diagnostic tool
and its response to fatiguing, yet only provided a broad
overview of its prediction for injury and responsiveness to
training. Since its publication in 2012!, very few studies
have investigated the effects of fatigue on balance. There

J Can Chiropr Assoc 2021; 65(3)



were only three such studies that demonstrated fatigue
negatively affects dynamic postural-control of healthy
participants and those with chronic ankle instabilities.!”""°
Given the dearth of available research on the topic, a more
updated review focussing particularly on the impact of fa-
tigue on dynamic balance is warranted.

Given the need for adequate dynamic balance with-
in the sports context, this review limits its scope to the
athletic population only. Furthermore, this review limits
its search to the SEBT/YBT given these tests’ feasibil-
ity for the sideline practitioner. Thus, this review aims to
appraise the literature on the effects of induced fatigue
on dynamic balance using the SEBT/YBT to measure dy-
namic balance in the healthy athletic population.

Methods

A search strategy was developed and reviewed using the
Peer Review of Electronic Search Strategies (PRESS)
Checklist.?’ The following electronic databases were sys-
tematically searched from inception to May 28, 2019:
PubMed, MEDLINE, CINAHL, Sports Discus, and
Cochrane. Search terms consisted of subject headings
specific to each database (e.g., MeSH in MEDLINE) and
free text words relevant to fatigue, dynamic balance, and
athlete (Appendix 1).

The review targeted healthy asymptomatic athletes,
defined as injury free for at least three months. Athletes
were defined as engaged in competition, whether at a
high school, college, university, provincial, national,
international or professional level. Considering the scarce
amount of literature analyzing this particular topic, the
authors did not exclude studies of subjects described as
trained individuals corresponding to physical educational
students or recreational athletes.

Studies of interest included any intervention used to
induce fatigue. Given variations in the nature of physio-
logical fatigue and its demands on different sports disci-
plines, any fatigue protocol was acceptable.

The outcome of interest was the assessment of dynam-
ic balance using the SEBT/YBT, regardless of whether it
is the primary or secondary outcome measure in a study.

Eligibility for inclusion in the review was based on the
following criteria: 1) English language; 2) published in
a peer-reviewed journal; 3) study design of randomized
controlled trial, cohort, case-control, quasi-experimental,
pre-post intervention, or cross-sectional; 4) study popula-

J Can Chiropr Assoc 2021; 65(3)
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tion of healthy athletes (studies including injured athletes
must have provided separate results for asymptomatic
controls); 5) well described fatigue protocol as an inter-
vention; and 6) outcome measures based on SEBT/YBT
as dynamic balance assessments.

Studies fulfilling any of the following criteria were
excluded: 1) publication types including: guidelines, edi-
torials, unpublished manuscripts, dissertations, books,
conference proceedings, meeting abstracts, consensus
statements; 2) study designs including: pilot studies, case
reports, case series, qualitative studies, non-systematic
and systematic reviews, practice guidelines, and studies
not reporting on methodology; 3) cadaveric or animal
studies; and 4) studies on injured patients, or those with
previously diagnosed conditions including severe injur-
ies (e.g. spinal cord injuries, brain injuries, amputations,
blindness, joint dislocation, neurologic deficits, or medi-
cations that may have affected their balance).

All citations identified by the search strategy were ex-
ported into EndNote X8 for reference management and
tracking of the screening process. A two-phase approach
to screening was used with two independent reviewers
screening each citation and article. Phase one included
screening of titles and abstracts for possible relevance.
Phase two included screening of possibly relevant cita-
tions using full text screening, with citations rated as either
relevant or irrelevant. Any disagreement was resolved
by discussion between the paired reviewers. If consen-
sus was not reached, then a third reviewer independently
appraised the citation and discussed with the other two
reviewers, until consensus was reached.

All relevant studies were independently critically ap-
praised for risk of bias by the two reviewers. Risk of bias
was assessed using the Scottish Intercollegiate Guide-
lines Network (SIGN) criteria for randomized controlled
trials*!, the Joanna Briggs Institute (JBI) critical appraisal
checklist tool for Quasi-Experimental studies??, and the
Quality Assessment Tool for Before-After (Pre-Post)
Studies with No Control Group for pre-post intervention
studies”. A quantitative score (or cut point) was used to
determine internal validity. Risk of bias scores of 1 to
2 were deemed “Unacceptable”, scores of 3 to 4 were
deemed “Acceptable”, and scores of 5 to 6 were deemed
“High Quality”. If there were disagreements in the risk
of bias assessments between the reviewers, then a third
reviewer independently assessed for risk of bias and dis-
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cussed with the other two reviewers, until consensus was
reached. Following critical appraisal, studies with a low
risk of bias (“high quality”, or “acceptable”) as deter-
mined by the quantitative score were considered scien-
tifically admissible for best evidence synthesis. A sensi-
tivity analysis was not performed as this was considered
beyond the scope of this review.

The following methodological aspects (where appro-
priate or applicable) in each study were critically assessed:
research question’s clarity; randomization method; sam-
ple size estimation; population definition and description;
appropriate utilization of control group; description of
fatigue intervention; methodology of SEBT/YBT admin-
istration; repeatability of outcome measure for learning
effects; and statistical analysis utilization.

Data was extracted from scientifically admissible stud-
ies to build evidence tables such as: effect sizes ((pre-fa-
tigue mean balance minus post-fatigue mean balance)/
SD(pre-fatigue)) and 95% CI where possible, best evi-
dence on each topic, and identified consistencies/incon-
sistencies in the evidence. Cohen’s criteria for effect size
were used to guide interpretation, namely d=0.2 as small,
d=0.5 as medium and d=0.8 as large.* The tables were then
used to create summary statements describing the body
of evidence. Evidence was stratified based on population,
either recreational or competitive athletes. Meta-analyses
of findings were considered, but not undertaken due to
heterogeneity in study populations, fatiguing protocols,
variation in measures of dynamic balance reported, and
inability to compute effect sizes for some studies. This
systematic review was organized and reported based on
the Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) statement.”

Results
Figure 1 shows the flow of articles through the systematic
review. The search yielded 357 articles. After removing
duplicates, 301 met phase 1 eligibility. Phase 1 inter-
rater agreement, showing 91.0% agreement with ©=0.58,
95%CI (0.45,0.72). After reaching consensus at phase 1,
thirty-five articles remained eligible for full text phase 2
screening. Phase 2 interrater agreement was 80.0% with
%©=0.60, 95%CI (0.33, 0.86). Disagreements were primar-
ily related to the screened studies’ broad definition of ath-
letes.

Articles were excluded at phase 2 screening for ineli-
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Titles and abstracts
acquired from search
(n=357)

( Duplicate articles
k (n=56)

Titles and abstracts
screened for eligibility
(n=301)

Titles and abstracts
k not eligible (n=266)

articles retrieved in
full text (n=35)

Full text articles
k not eligible (n=18)

Studies eligible for
critical appraisal in
full text (n=17)

( Studies with
moderate or high risk
L of bias (n=2)

)
)
)
)

Studies with low risk
of bias included in
synthesis (n=15)

[ )
[ )
[ )
[

Figure 1.
Flowchart Of literature search and study identification

gible study design, dynamic balance outcome not meas-
ured by SEBT/YBT, and subjects not consistent with
the definition of a healthy athlete. Seventeen articles re-
mained eligible for review.

All studies were appraised using the SIGN criteria for
RCT, the JBI critical appraisal checklist tool for Quasi-Ex-
perimental studies, or the Quality Assessment Tool for
Before-After (Pre-Post) Studies with No Control Group.
Of the 17 critically appraised studies, two were deemed
to have a high risk of bias (Table 1) and were not includ-
ed in the evidence tables and synthesis. For this review’s
purpose, methodological weakness of the studies with a
high risk of bias included not meeting athlete definition

J Can Chiropr Assoc 2021; 65(3)
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Table 1.
Risk of bias table for all critically appraised articles (n=17). The sign, JBI, and the quality assessment tool for before-
after were used against the included studies. The appraisal was conducted with our systematic review purpose in mind
— that is to measure the effects of fatigue on dynamic balance, though this might not have been the main purpose of the
original study.

Study Criteria Population In(t;;:iegl:lt:‘)m Outcome (SEBT/YBT) Overall
Representa- . . (++) High Quality;
Propou | emesol L Group | derbed | deserbed el Sl | () Acceplabley
Gribble et al. 2007 7 Pre—Post No No = Yes Yes Yes Yes 416 ; (+)
Baghbani et al. 2016 Pre—Post Yes Yes = Yes Yes Yes Yes 6/6 ; (++)
Baghbaninaghadehi et al. 2013 3 Pre—Post Yes NR - Yes Yes Yes Yes 56 ; (++)
Mirmoezzi et al. 2018 2 Pre—Post No NR = Yes No NR Yes 2/6; (-)
Hosseinimehr et al. 2010 * Pre—Post No NR - Yes Yes Yes Yes 4/6 ; (+)
Steib et al. 2013 % Pre—Post Yes Yes - Yes Yes Yes Yes 6/6 (++)
Sarshin et al. 2011 3 Pre—Post No NR - Yes Yes Yes Yes 4/6 (+)
Gribble et al. 2009 *° JBI No NR Yes Yes Yes Yes Yes 57 (+)
Zulfikri et al. 2017 %7 SIGN No NR Yes Yes Yes No Yes 4/7 (+)
Zech et al. 2012 % Pre—Post Yes NR - Yes Yes No Yes 4/6 (+)
Valldecabres et al. 2018 %’ Pre—Post No NR - Yes No NR Yes 2/6 (-)
Steib et al. 2013 Pre—Post No NR = Yes Yes No Yes 3/6 (+)
Whyte et al. 2015 ¥ Pre—Post Yes NR = Yes Yes Yes Yes 5/6 (++)
Armstrong et al. 2018 % Pre—Post Yes No = Yes Yes Yes Yes 5/6 (++)
Johnston et al. 2018 * Pre—Post Yes NR = Yes Yes Yes Yes 56 (++)
Cavanaugh et al. 2016 Pre-Post No Yes - Yes Yes No Yes 4/6 (+)
Mcmullen et al. 2011 *' Pre—Post No Yes - Yes Yes Yes Yes 5/6 (++)

for population, lack of sample size estimation reporting,
poorly described dynamic balance assessment, and lack
of reporting on learning effect consideration (n=2).2¢%’

The remaining 15 articles!7193¢40-2-35(Table 2), were
deemed to have a low risk of bias. These articles include a
randomized controlled crossover study?’, a quasi-experi-
mental study with a control group' and thirteen pre-post
studies with no control group'’?’**-*. Their methodo-
logical weaknesses include a lack of a precise definition
of an athlete regarding their choice of subjects (n =8), lack
of sample size estimation (n=10), and lack of reporting on
learning effect consideration (n=4).

Variations across the studies include: athlete popula-
tions, fatigue protocols, and utilization of SEBT/YBT’s
reach directions. Seven studies recruited recreational
athletes!”193031343637 while eight studies recruited com-

J Can Chiropr Assoc 2021; 65(3)

petitive athletes?829323333:38-40 Fatigue protocol variations
include: isolated body-segment/muscle!”?3!, functional
movement'7'** multiple exertional stations¥>-34363739
anaerobic treadmill®***84°, anaerobic cycling”, high in-
tensity interval training®, dance aerobic fitness fatigue®
or a combination thereof. Two studies utilized the SEBT
in 3 directions: anterior, medial, posterior in bilateral
stance'”'?; four studies utilized the SEBT in all eight dir-
ections in only the dominant leg*>-*%; four studies util-
ized the SEBT in four directions: anterior, posterior, med-
ial, lateral in unilateral stance®-"*4; four studies utilized
the YBT in the dominant leg®-'%; and one study utilized
the YBT in bilateral stance®.

Of the seven studies investigating the effects of fatigue
on dynamic balance in recreational athletes, five found
significant decreases, three of which used functional-mul-

245



Does induced fatigue alter dynamic balance in athletes? A systematic review

Table 2.

Study characteristics of fifteen articles relevant and low risk of bias

Subjects’ mean
(standard error) of
age, height, and

sessions per week.

Competitive.

five minutes in station one. In station two, they
sprinted up and down the length of a basketball
court for three minutes. Station three was two

minutes of push-ups. Sit ups were performed in

dominant leg

. . . Outcome
Reference Subjects, number Stufiy {&thletlc level, Inte}*ventlon (dynamic Key findings
(n) targeted design |involvement (fatigue protocol) balance)
Gribble et al. 2007 7 | 30 physically active | Pre-post | All subjects participated | Ankle fatigue induced using an isokinetic SEBT; 3 Insignificant normalized reaching distance in both
subjects. in at least thirty minutes | dynamometer through a concentric-concentric directions: | groups with both fatigue interventions. However,
Health @ of exercise three times | protocol for plantar flexion/dorsiflexion anterior, knee and hip kinematics is affected in CAI group
el )é%roupl . per week. movement. medial, after lunging fatigue protocol in two of the reaching
INESHYIENEILED . - . . . . posterior; directions.
(age 22.5 + 2 4 years) Exercise description and | Lunge fatigue consisted of subjects lunging -
Chronic ankl level is not described. | forward with the testing leg to a target on the floor Y Effect size cannot be computed
-hronic ankie . at a distance equal to the leg length of the testing
instability (CAI) Recreational. lee. Th £1 f a
roup (7. males, 7 eg. The rate of lunge performance was generate
g 5 ’ with a metronome at a rate of one lunge cycle per
females; 21.9+2.9 e —
years) :
Baghbani et al. 15 healthy female, Pre-post | All athletes (handball | The fatigue protocol (7-station exertion protocol). | SEBT; 8 The average of the 8 directions of the SEBT balance
2016 non-athletes (age and basketball players) |The subjects jogged moderately at a self-selected |directions; | performance in the non-athlete group significantly
16.1+1.8 years) were all competing at | pace for five minutes in station one. In station dominant leg |decreased after fatigue (p=0.0003).
the provincial level and | two, they sprinted up and down the length of g
1 ifomle athle}es had been involved in a basketball court for three minutes. Station The R oy Lt T Ll e il i e changes
(mean age + sd: 16.1 4 Ao . o in balance performance before and after the fatigue
sport-specific training | three was two minutes of push-ups. Sit ups were L
2 1 i) for at least 7 hrs/week | performed in station four for two minutes. Station protocol (p=0.78). Add.mqnally, fheyjfotndithat
f g ; o the athlete group had significantly better balance
or the previous two five was three minutes of 30 cm step-ups. Station : - o
. o -z performance in pre (p=0.005) and post-tests (p=0.0001)
years. six was another three minutes of sprinting up and caep—— ] I . S
Competitive down the length of basketball court. The final P Y Tparts.
P : station was two minutes at the fastest speed that Effect sizes (post mean — pre mean)/SD(pre)*athletes
each subject could run. non-athletes
SEBT composite 0.02-0.19
*SD not in publication, obtained from first author via
email
Baghbaninaghadehi | 15 female athletes Pre-post |Basketball players who | Seven station exertion protocol. The subjects SEBT; 8 The mean and the standard deviations of dynamic
etal. 2013 % from high school. had four to five exercise |jogged moderately at a self-selected pace for directions; balance performance of the subjects in eight directions

before and after the fatigue protocol were not
significant.

Effect sizes (post mean-pre mean)/SD(pre)

body weight were: 5 ; ; Anterior -0.67
16.1(1.1) years, 164.1 station f_our ff)r two minutes. Stajmon ﬁve was ' Anteromedial 005
three minutes of 30 cm step-ups. Station six was g
(4.6) cm and 53.1 her th q £ sorinti dd Medial -0.33
(67) ke, respectively another three minutes of sprinting up and down Posteromedial -0 48
’ . the length of basketball court. The final station Postori 0.08
was two minutes at the fastest speed that each Posten(;r el '0'92
subject could run. LZ:;;? atera 0'57
Anterolateral -141
Total -0.14
Hosseinimehr et al. |30 subjects: Pre-post | Physical education Seven stations protocol. Station one consisted of | SEBT; 8 Dynamic postural control decreased after fatigue in two
2010% health a students. Training level [a 5 min moderate jog at the subjects self-selected | directions; | groups (p<0.05)
eal ysgfmUPl and frequency not pace. This jog took place around the perimeter of |dominant leg T8 s (ot )/SD(pre)
males, ¢ 1emales, age specified. the gym in order to help the participant maintain cctsizes (post mean-pre mean)/>LXpre
=21.78+0.79 years, o c p Control  Experimental
. . a steady pace. Station two consisted of 2 min of .
height = 168.3+5.6 Recreational. . Anterior -1.04 -1.07
sprints up and down the length of a basketball .
cm and Station th 1 min of push Stati Anteromedial -0.80 -0.73
ight = 63.642.6 kg) court. Station three was 1 min of push-ups. Station Medial 151 066
weig e four consisted of 1.5 min of sit-ups. Station Post dial 0.89 0'17
CAI (7 males, 8 five was 2 min of 12 inch step-ups. Station six szt:fl?’?e 1 :0.46 :0'77
females, age = consisted of another 2 min of sprints up and down Post (i teral 1‘00 0'95
21.43+0.83 years, the basketball court and station seven was 1.5 Lof er(l) aterd "0'7 6 '1 43
height = 168.4+5.5 min run at as fast a pace as the participant could Aa teral - "1'71 '1 ’ 49
cm and weight = maintain for the entire 1.5 min JICI0aterd o o
63.3+3.2 kg)
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(age 21.4 £ 1.63 year)

athletes that played
badminton for at least
2 years.

drill, box jumping, two-legged hop sequence,
side-to-side bounds, mini-tramp, resistance arc

dominant leg

. . . Outcome

Reference Subjects, number Stu}iy {&thletlc level, Inte.rventlon (Gt Key findings

(n) targeted design |involvement (fatigue protocol)
balance)

Steibetal. 2013 % |19 individuals with | Pre-post | All athletes are in Fatigue was induced by a running exerciseona | SEBT; 4 Treadmill running negatively affected dynamic
functional ankle local ball sports teams | motorized treadmill until subjective exhaustion. | directions: postural control in all three groups. Particularly, it had
instability (FAI) (handball, volleyball, | With a constant grade of 1° inclination, the anterior, significantly affected SEBT in medial reach distances in
(male: 14, female: 5, basketball, soccer). protocol started at 8 km/h, and speed was posterior, the FAI (p = .002; ES = -0.42) and control group (p =
age 24.95+3.17), Participant ised increased stepwise by 2 km/h every 3 min. medial, 031; ES = -0.29), and anterior reach distances in copers

. Articipants eXereise Participants were instructed to run as long as lateral; (p<.001; ES =-0.55).
I eIl preiin el e i .2 possible until complete exhaustion unilateral
copers (male: 16, week for a minimum of . The magnitude of these effects, however, did not differ
female: 6, age 30 min per session. between groups. Thus, ankle status does not appear to
24.53+2.76) - have an effect on fatigue-induced sensorimotor control
Competitive. \mpairments
19 non-injured P '
controls (male: Effect sizes (post mean-pre mean)/SD(pre)
13, female: 6, age Control ~ Copers FAI
23.32+3.79) Anterior -0.16 031 -0.03
Medial -0.29 0.13 -028
Lateral -021 -0.16 -0.08
Posterior -0.13 -0.02 -0.10
Sarshin et al. 2011 | 20 healthy athletes | Pre-post | Physical education Six phases of functional fatigue protocol: agility | YBT; Functional fatigue decreased dynamic balance

performance

Effect sizes (post mean-pre mean)/SD(pre)

fatigue, age 21.32
(129)

Group B; no tape and
fatigue, age 21.79
(144)

Group C; KTape and
no fatigue, age 21.11
(133)

Group D; no tape and
no fatigue, age 21.93
(0.88)

international.

Training level and
frequency not specified.

Recreational.

fatigue was achieved.

dominant leg

Anterior -2.04
Training level and Posterolateral ~ -1.92
frequency not specified. Posteromedial ~ -0.94
Recreational.

Gribble et al. 2009 *° | 16 physically active | Quasi- | All athletes participated | Fatiguing conditions: SEBT; 3 For anterior direction, fatigue created a decrease in
athletes (8 men: age [experi- |in sustained physical Ankle plantar flexi d dorsi flexi directions: MAXD for both genders compared with the control day.
225+245years; 8 |mental |activity at least 3 niie plantar fiexion and dorst fiexion. anterior, Knee fatigue condition produced a significantly greater
women: age 22.5 + with times per week for 30 | Knee flexion and extension. medial, decline in MAXD in men(-.043) than in the other
2.56 years) control [ minutes. . . . posterior; conditions (gender-by-condition-by-time interaction:

; Hip flexion and extension. bilaterally (p=012)
Physical activity is not . . . ’
specified. Athle;tes performed_ 5 continuous maximum trials For medial direction, all 4 fatigue conditions created
R tional gt 60 /§ for thekdemgnatzc; m“;“““ e D pre—post decreases in MAXD (condition-by-time
ecreational. etermine peak torque. After a 2-minute rest, interaction: (p < .001) compared with the control day.
they repeated the movement pattern at 60°/s
continuously until force production dropped For posterior direction, fatigue at the ankle, knee, and
below 50% of the peak torque in both directions lunge exercises created significant pre—post decreases in
of motion being tested. MAXD (condition-by-time: (p = .001).
4" fatiguing condition consisted of a lunging task Fatigue produced deficits in normalized reach distances
a maximum number of times at the rate of 1 lunge in all 3 reaching directions.
vty 2 gl ‘Women were able to reach farther than men while
Fatigue was induced by having them perform the simultaneously demonstrating a greater amount of knee
task a maximum number of times until they could flexion, and fatigue amplified these differences.
el oy i Wlth DTS i T were unable Effect sizes cannot be derived. Results presented
to meet the required rhythm for 2 repetitions in o :
graphically without values for pre and post mean and
arow. SD
The 5" testing session was used as control
condition. No fatiguing task was implemented.

Zulfikri et al. 2017 %7 | 72 male recreational |RCT Recreational athlete Functional agility short term fatigue protocol SEBT; 4 Group A (90.10£9.40) and group B (86.14+10.50)
athletes ranging from was defined as people | (fast-fp) was used to induce fatigue for group A | directions: attained lower mean for SEBT composite score
18-25 years old. Four undertaking any and B. This protocol consisted of vertical jumping, | anterior, compared to group C (97.30+10.83) and group D
groups: sports for leisure and stepping up and down, squatting and I-drill. medial, (98.13+9.47) suggests that fatigue have a diminishing
Group A: KTape and not representing the Completing the four tasks was counted as one set |lateral, effect on dynamic balance. KTape application inhibit

up A; B 1ap college, national nor of the protocol. This was repeated until maximal | posterior; the effects of fatigue and preserved lateral and posterior

direction of SEBT. KTape application may lower the
risk for injuries in the lateral and posterior directions
following fatigue induction.

Effect sizes (post mean-pre mean)/SD(pre)
GroupA Group B

Anterior -0.71 -1.29
Medial -0.47 -0.81
Lateral -043 -1.31
Posterior -0.40 -1.00

J Can Chiropr Assoc 2021; 65(3)

247



Does induced fatigue alter dynamic balance in athletes? A systematic review

Reference Subjects, number Stu}iy {&thletic level, Inte.rvention 8;:;::; Key findings
(n) targeted design |involvement (fatigue protocol) b

alance)

Zechetal.2012% |19 male team Pre-post | Athletes were regularly | Whole-body fatigue — treadmill running was SEBT; 4 No fatigue effects were found for the SEBT.
handball players (age: active and currently induced by running on a motorized treadmill with | directions: T8 s (st g )/SD(pre)
16.8 6 0.6 years). engaged in regular increasing speed at a constant grade of 1.5% anterior, cetsizes (post mean-pre mean pre

summer preseason g . . medial, Uiigilisll Ll
2 German youth opralaedil i) gl LOC{:lllzed musqle fatigue - unilateral ba}rbell step- il Overgll 0.09 022
handball teams, first ] e o ups induced fatigue by using 3 sets of single- leg o Anterior 0.24 -0.15
o exercise training . . posterior; .
and second divisions. o B barbell step-ups on a bench (30-cm height) with . Medial 0.14 -0.09
sessions (2-3 times per p dominant leg ’
k) subsequent heel raises. Posterior -0.06 -041
Lateral -0.03 0.15
Competitive.

Whyte et al. 2015 * | 40 university athletes: | Pre-post | Gaelic football, hurling/ | The HIIP consisted of 4 repetitions of 10-m SEBT; 8 A main effect for time, with a decreased average of all 8
20 male (20.83+1.50) camogie, soccer. forward sprinting with a 908 change of direction | directions; | directions normalized maximal SEBT scores postfatigue
and 20 female Training level and and then backward sprinting for 5 m, 2 repetitions |dominant leg | (p < .001; ES 0.695) indicating HIIP negatively affected
(20.45+1.34) athletes. frequency not specified. |of 2- legged jumping over 5 hurdles, 2 repetitions dynamic postural control as assessed by the SEBT

Competitive of high-knee side stepping over 5 hurdles, and in athletes. They also found there was a time X sex
P : 4 repetitions of lateral 5-m shuffles. Participants effect (p 0.007; ES 0.719), indicating that women were
rested for 30 seconds before repeating the circuit. affected less negatively (effect sizes closer to zero) by
the HIIP.
Effect sizes (post mean-pre mean)/SD(pre)
Male Female
Overall -1.45 -0.71
Anterior -0.93 044
Anteromedial -0.92 -0.31
Medial -127 -0.33
Posteromedial ~ -1.12 -0.59
Posterior -1.07 -0.99
Posterolateral -1.21 -0.62
Lateral -0.92 -048
Anterolateral -0.82 -0.18

Armstrong et al. 35 university dancers: | Pre-post | Dancers enrolled in an | Dance aerobic fitness test. Daft is a dance- YBT; Post-daft, the mean SEBT percentage maximized reach

2018 % 30 females (age undergraduate dance specialized test involves a 16-beat dance sequence | bilaterally distances for dominant and non-dominant legs were
20.09), 5 males (age program who performed | consisting of 5 x 4-minute stages of increasing Percentage | non-significant compared to pre-daft scores, and in fact
20.62) primarily contemporary |intensity associated with increased size of maximized | for PL and PM directions, the post-fatiguing balance

dance. Attended dance | movement or additional movements. Subjects reach measures were higher on average than the pre-fatiguing.
classes for a minimum | were removed from the test if the supervising Lack of a main effect for exercise was observed in
of 6 hours per week. investigator observed that they fell behind the beat each of the anterior dominant and non-dominant,
Duration and of the test or their performance of the movement posterolateral dominant and non-dominant, and
. was judged to be compromised. posteromedial dominant and non-dominant scores.
competitiveness not
described. Effect sizes (post mean-pre mean)/SD(pre)
Cmatiive ; Non-dominant Dominant
: Anterior -0.19 -0.07
Posterolateral 0.29 0.17
Posteromedial 0.38 0.19
Composite 0.16 0.24

Johnston et al. 20 male and female | Pre-post | University students Modified version of the Wingate anaerobic test YBT; All 3 reach directions of YBT showed statistically

2018% (age 23.75, university engaged in competitive |was performed. The test required the participant to | dominant leg | significant differences between pre-fatigue and the
students engaged in sport. cycle for 60 s rather than the traditional 30 s. Prior first post-fatigue measurement (anterior; p = 0.019,
competitive sport .. to maximal exercise testing, the subject initially posteromedial; p = 0.019 & posterolateral; p = 0.003).

Training type, level and . . . S .
frequency not specified. completed a low-re51stanqe warm-up for 5 min. The anterior reach' direction returned to pre—fatlgue
quency P During the warm-up, participants completed 3 x levels within 10min (p=0.632). The posteromedial reach
Competitive. 5 s sprints. direction returned to pre-fatigue levels within 20 min (p
On letion of th g T =0.236), while the posterolateral direction maintained a
compietion ol the warm-up, participants statistically significant difference at 20 min (p = 0.023).
commenced cycling at a cadence of between 50—
60 rpm for 30 s. The participants were instructed Effect sizes cannot be derived. Pre and post means
that the test would commence at the completion presented graphically without SD.
of the 30s and that they should accelerated
maximally. Participants were encouraged to
maintain maximal effort throughout the 60 s in
order to ensure maximal fatigue. Changes in
the power generated were monitored over the
course of the test to ensure that each individual
had maintained a maximal effort throughout the
Wingate protocol.
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Reference Subjects, number Stufiy {&thletic level, Inte.rvention 8;:;:;% Key findings
(n) targeted design |involvement (fatigue protocol) L )
Cavanaugh et al. 12 healthy and Pre-post | Does not indicate type, |Participants performed 4 sets of unilateral YBT; There were no significant main effects or interactions
2016 % recreationally active level, or frequency of | (dominant leg) Bulgarian squats to failure with 1 [ dominant leg | for the y balance test
participants from activity. minute rest between sets. The Bulgarian squats Effect sizes f fatioue 2 fatioue 1 mi
university population . were conducted in a lunge position with the Col RPN SID 2 (DB IS 1| TR
Recreational. dominant leg extended and the foot resti Effect s : /SD
7 male (age 24.1 nondominant leg extended and the foot resting on ect sizes (post mean-pre mean)/SD(pre)
a platform (50 cm) behind the participant. Using Anterior -0.24
years) body weight as resistance, the participants were Posterior medial -0.18
5 women (age 23.7 instructed to flex the front knee (dominant) to 90 Posterior lateral -0.21
years) degrees and return to an extended knee position,
until they were unable to continue. With the aid
of a metronome, the frequency of concentric and
eccentric contractions was 1 per second. The
number of repetitions performed in each set was
recorded.
McMullen et al. 18 men (avg. age 22 | Pre-post | All volunteers had Participants performed repeated side-lying, YBT; After the fatiguing protocol, both groups displayed a
20117 years) and 18 women at least a moderately eccentric hip-abduction contractions until the dominant leg | decrease in dynamic postural control, as demonstrated
(avg. age 22). active lifestyle, deemed, | G-Med was fatigued. Participants performed a by shorter reach distances on the SEBT (3,32 = 30.3,
participating in 150 to | maximal voluntary isometric contraction before p < .001). When men and women were pooled, we
300 minutes of physical |the fatiguing protocol and before any practice observed decreases in the anterior (f1,34 =70.7, p
activity per week. trials or testing. This contraction served as < .001), posteromedial (f1,34 = 57.9,p < .001), and
. the participant’s baseline median frequency. posterolateral (f1,34 = 54.4, p < .001) reach directions.
Recreational. ia : :
IR o W (et o AL e i Postural control was affected negatively after a g-med-
15° with the knees slightly flexed, then lower fatioui Be 8 Y g
it back to neutral. Concentric contractions atiguing exercise.
lasted less than 2 seconds, during which time Pooled results across men and women
tlhseo pg‘;ézg)ti?ctch;ttlr\;zlgozzdll;::g gh:e};g)ng;_ Effec{ sizes (post mean-pre mean)/SD(pre) With 95%CI
Participants slowly lowered the abducted hip lé:stﬁ?er;gr -1.04 (-1.74,-0.34)
back to the starting position. With every fifth :
contraction, participants performed a 2-second medlal_ -0.62 (-1.28,0.05)
isometric contraction against the canvas belt Posterior
(ie, at 15° of hip abduction), and a 1-second lateral -0.54 (-1.21,0.12)
clip of G-Med EMG was recorded during the
middle 1.0 second of the contraction. Median
frequency was calculated immediately in real
time. The participant continued this process until
successfully reaching a 15% downward shift
in median frequency compared with a baseline
measure of median frequency established before
the fatiguing exercise.
Steib et al. 2013 |30 young athletes: Pre-post | Athletes from different | Whole-body fatigue was induced by having SEBT; 4 Treadmill running had significantly reduced the mean
Ankle sprai sports. Training level | participants run on a motorized treadmill with directions: | of 4 directions of the normalized SEBT maximum
'© Sprain COpers, and frequency not increasing speed. The protocol started at 8 km/h, | anterior, reach distance in the copers group (p<0.00), the healthy
consisting of 14 g . . 5 oy o e
thletes with a histo specified. and lspeed was %nlcreased stepwise by 2 km/h every posterior, alh}eteg had 1n§1gn1ﬁcanl reductloqs in SEBT. A group
2 Iy - 3 minutes. Participants were instructed to run as [ medial, X time interaction (p = .03) was evident for the SEBT,
wife severe i Compsilive: long as possible until complete exhaustion. lateral; with larger reductions in mean reach distances in the
i (2T D) dominant leg | coper group (-2.43) than in the control group (-0.37).
il granp i Mean over | Fatiguing running significantly affected dynamic
pihearhyaiic e 4 directions | postural control in participants with a hist f ankl
(2588 62.66) post ntrol in participants with a history of ankle
used for each | sprain. Fatigue-induced alterations of dynamic postural
subject control were greater in athletes with a previous ankle
sprain.
Effect sizes (post mean-pre mean)/sd(pre)
Controls  Copers
SEBT -0.09 027
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tiple station protocols. Hosseinimehr e al.3* fatigued 15
healthy (age 21.78+0.79 years) physical education stu-
dents and 15 students with chronic ankle instability (age
21.43+0.83 years), using a seven-station protocol includ-
ing sprinting, push-ups, and sit-ups. For the healthy con-
trol group, paired t-tests showed significant differences
(p<0.05) in the mean of reached distance (cm) between
pre and post-tests in eight directions. Sarshin e al*® fa-
tigued 20 physical education students (age 21.4+1.63
years) with two years of badminton experience and
found a significant decrease in the YBT (p<0.001) after
a six-phase functional fatigue protocol involving agility
drills, box jumps, two-legged hop sequences, side-to-side
bounds, mini-trampoline, and resistance band exercis-
es. Zulfikri et al.’’ studied 72 male recreational athletes
in a randomized controlled study design involving four
groups: Group A (Kinesiology Tape (KT) application and
fatigue), Group B (no tape and fatigue, age 21.79+1.44
years), Group C (KT and no fatigue), Group D (no tape
and no fatigue). Their protocol involved functional agil-
ity stations involving vertical jumping, stepping up/down,
squatting, and L-Drill. Results showed group A and group
B attaining lower mean SEBT composite scores compared
to Group C and Ground D. More importantly, significant
reductions were found in mean normalized reach distance
in Group B for anterior (p<0.001), medial (p<0.001), lat-
eral (p<0.001), posterior (p<0.001) direction, and com-
posite score (p<0.05). The fourth study by Gribble et
al.” utilized a five-arm quasi-experimental study-design
including four different fatigue conditions: 1) isolated
ankle dorsi-and-planar-flexion, 2) isolated knee flexion
and extension, 3) isolated hip flexion and extension, 4)
a functional repeated lunging task, and 5) control of no
fatigue. Subjects were 16 physically active individuals
(eight men: age 22.5 + 2.45 years; eight women: age
22.5 + 2.56 years) and all underwent all four fatiguing
protocols, each separated by at least one week. All fatigue
conditions created a decrease in maximum normalized
reaching distance for both genders compared with the
control condition (p<0.05). However, women performed
farther than men while demonstrating a greater amount
of knee flexion, and fatigue amplified these differences.
Similarly, McMullen et al.*! studied 36 moderately active
men (age 22 + 3.64 years) and women (age 22 + 3.14
years) performing the YBT before and after repeated
side-lying, eccentric hip-abduction contractions. After the
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fatiguing protocol, both groups displayed a decrease in
dynamic balance, as demonstrated by shorter reach dis-
tances on the SEBT (p<0.001). When men and women
were pooled, they found significant decreases in anterior
(p<0.001), posteromedial (p<0.001), and posterolateral
(p<0.001) reach directions. When considering the effect
sizes for the aforementioned studies, they were typically
in the medium-to-large range: 1.04-2.04 in the anterior
direction; 0.8 in the anteromedial direction; 0.81-1.51 in
the medial direction; 0.62-0.94 in the posteromedial dir-
ection; 0.46-1.00 in the posterior direction; 0.54-1.00 in
the posterolateral direction; 0.76-1.92 in the lateral dir-
ection; 1.71 in the anterolateral direction. Effect sizes for
Gribble ef al.”® could not be computed.

In contrast to the previously mentioned studies, two
studies also involving recreational athletes, found insig-
nificant changes. Gribble et al."” studied 30 physically
active (16 healthy (22.5 + 2.4 years) and 14 chronic an-
kle instability (CAI) (21.9 = 2.9 years)) subjects. Each
subject underwent the following fatiguing protocols on
different days: 1) ankle fatigue isokinetically in a con-
centric-concentric protocol for plantar flexion/dorsiflex-
ion movement, and 2) repeated lunging tasks. Results
demonstrated insignificant normalized distances in both
groups with both fatigue interventions. The second study
by Cavanaugh et al*’, found that 12 recreationally ac-
tive university participants also showed no significant
differences in the YBT before-and-after fatigue protocol
involving unilateral, repeated concentric and eccentric
contractions of one Bulgarian split squat per second. The
effect sizes for the Cavanaugh er al*®, were typically in
the small-to-medium range: 0.24 in the anterior direc-
tion, 0.18 in the posteromedial direction, and 0.21 in the
posterolateral direction. Effect sizes for Gribble et al."”
could not be computed.

As for the competitive athletes, three studies showed
significant effects of induced fatigue on dynamic balance.
In the first study by Steib er al.*, 57 local athletes (in-
cluding 19 healthy controls (age 23.32+3.79)) involved
in handball, volleyball, basketball, and soccer practicing
at least three times per week were fatigued by running
on a treadmill until exhaustion. The running significantly
affected SEBT in medial reach distances in the healthy
control group (p = 0.031; ES = -0.29). A second study
by Whyte et al*® used a high-intensity intermittent exer-
cise protocol (HIIP) to fatigue two groups of university
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athletes (20 male (age 20.83x1.50) and 20 female (age
20.45+1.34)) involved in Gaelic football, hurling, and
soccer, with no mention of training level or frequency.
Results showed a decreased average for all eight direc-
tions of normalized maximal SEBT scores post fatigue
(P < .001; ES 0.695) indicating HIIP’s negative effect
on dynamic postural control. Of note, there was an inter-
action in effect based on gender (P 0.007; ES 0.719), as
women were affected less negatively than men (P <.001;
ES 0.695). The third study by Johnston et al.* investi-
gated 20 male and female university students (age 23.75
+ 4.79) engaged in competitive sport with no mention of
type of sport, training level, or frequency. This is the first
study to investigate SEBT/YBT at pre-determined times
post fatigue, rather than immediately following fatigue.
Subjects underwent a modified Wingate anaerobic fatigue
cycling test, and were tested at zero, 10, and 20 minutes
post fatigue. All three reach directions of the YBT demon-
strated statistically significant differences between pre-fa-
tigue and the first post-fatigue measurements (anterior; p
= 0.019, posteromedial; p = 0.019 & posterolateral; p =
0.003). The anterior reach direction returned to pre-fa-
tigue levels within 10min (p = 0.632); the posteromedial
reach direction returned to pre-fatigue levels within 20
min (p = 0.236); while the posterolateral direction main-
tained a statistically significant difference at 20 min (p =
0.023). These results indicate a negative effect of max-
imal anaerobic fatigue on normalised YBT scores in all
three directions. The effect sizes for the aforementioned
studies varied considerably ranging from small-to-large:
0.16-0.93 in the anterior direction; 0.31-0.93 in the anter-
omedial direction; 0.29-1.27 in the medial direction;
0.59-1.12 in the posteromedial direction; 0.13-1.07 in the
posterior direction; 0.62-1.21 in the posterolateral direc-
tion; 0.21-0.92 in the lateral direction; and 0.18-0.82 in
the anterolateral direction. Effect sizes for Johnston et
al ® could not be computed.

While the aforementioned three studies showed sig-
nificant effects, there were five studies that concluded
otherwise. In a comparison of 16 healthy athletes (n=16,
age 25.88+2.66) with 14 ankle-sprain copers (n=14 age
22.71+2.81), Steib et al*® showed no significant chan-
ges among the healthy control athletes from pre- to post-
treadmill running. A second study by Baghbani et al.*?
recruited 15 healthy female non-athletes (age 16.1+1.8
years) and 15 female (mean age + SD: 16.1 = 1.1 years)
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handball and basketball athletes, competing at a provin-
cial level and involved in sport-specific training for a min-
imum of seven hours weekly for two years. They measured
SEBT before and after induced fatigue involving multiple
exertional stations comprised of jogging, sprinting, push-
ups, sit-ups, and step-ups. The average of the eight direc-
tions of the SEBT balance performance in the non-athlete
group significantly decreased after fatigue (p = 0.0003);
however, the athlete group had no significant changes in
balance performance (p = 0.78). Additionally, the athlete
group had significantly better balance performance in pre
(p = 0.005) and post-tests (p = 0.0001) when compared
to the healthy control counterparts. The third study by
Baghbaninaghadehi et al.** studied 15 female basketball
athletes who had four to five practices per week for two
years. Fatigue was induced using multiple exertional sta-
tions comprised of jogging, sprinting, push-ups, sit-ups,
and step-ups. Results concluded no significant difference
in the mean deviation of dynamic balance performance of
the subjects in eight directions before and after the fatigue
protocol. A fourth study by Zech et al.*® fatigued 19 male
I** and 2™ division handball athletes engaged in summer
preseason training two to three times per week. Subjects
were tested under two fatigue conditions: 1) treadmill
running for whole-body fatigue, and 2) unilateral barbell
step-ups for localized muscle fatigue. Results showed no
fatigue effects for mean SEBT under either fatigue con-
dition. The fifth study by Armstrong ef al.?® investigated
undergraduate dancers who attended classes a minimum
of six hours per week, though level of intensity was not
reported. The dancers were fatigued with a Dance Aer-
obic Fitness Test (DAFT) requiring increasing sequence
dance intensity. Mean YBT results revealed insignificant
post-DAFT YBT compared to pre-DAFT YBT. The effect
sizes for the five aforementioned studies were typically
in the low-to-high range: 0.07-0.67 in the anterior direc-
tion; 0.05 in the anteromedial direction; 0.09-0.33 in the
medial direction; 0.19-0.48 in the posteromedial direc-
tion; 0.06-0.41 in the posterior direction; 0.17-0.92 in the
posterolateral direction; 0.03-0.57 in the lateral direction;
and 1.41 in the anterolateral direction; 0.02-0.24 for the
composite of all directions.

Discussion
Our review found that the impact of inducing fatigue on
dynamic balance as measured by the SEBT/YBT in the
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athletic population was inconsistent. Of the 15 articles
comparing recreational and competitive athletes, eight
suggest significant effects of various induced fatigue
protocols on SEBT/YBT in both groups, while seven sug-
gest insignificant effects of various induced fatigue proto-
cols on SEBT/YBT.

Heterogeneity in the populations studied may in part
explain the variety of findings in the relationship between
fatigue and dynamic balance. The two types of athletes as-
sembled in this review can be distinguished by their train-
ing regimens. When considering recreational athletes,
there is a stronger trend supporting significant effects of
induced fatigue affecting dynamic balance'*='*3637; and
only two studies reporting insignificant effects'’*. How-
ever, in studies involving competitive athletes, the oppos-
ite trend was seen: three studies supported the effects of
induced fatigue on dynamic balance”**%, whereas five
studies negated the effect of induced fatigue on dynamic
balance®-**33% However, these trends may be explained
by the competitive athletes’ increased capacity to with-
stand the deleterious effects of induced fatigue. This may
explain why the majority of studies analyzing competitive
athletes yield insignificant results, while those analyzing
recreational athletes yield otherwise. This assessment of
the studies’ findings is supported by the results of Bagh-
bani et al.* , where athletes compared with healthy con-
trols noted that only the latter had significant differences
following fatigue.

A second reason that might explain the equivocal find-
ings is the heterogenous types of sports included in sin-
gle studies. All but three studies including competitive
sports were heterogenous. Namely, Baghbaninaghade-
hi et al? studied 15 female basketball athletes, Zech et
al ?® studied 19 male handball 1* and 2" division athletes,
and Armstrong et al.?® studied 35 undergraduate dancers.
Depending on the requirements of each sport, different
balance control strategies may be developed.®#'#* Thus,
it may be more appropriate to consider a homogenous
athlete population in order to avoid confounding the rela-
tionship between fatigue and balance by different athletic
endeavors.

Finally, a third reason behind the equivocal findings is
that laboratory-induced fatigue may not be challenging
enough (in method or duration) to alter dynamic balance
postural control in these athletes.

This systematic review is the first to consider effects of
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induced fatigue on the SEBT/YBT in the athletic popula-
tion. A previous review by Gribble et al.' investigated the
effect of fatigue on dynamic balance but did not focus on
the athletic population. Since then, more studies have been
published on this topic. Only two of the three studies from
the previous review' were included in the current review
as one of them did not meet the current eligibility criteria.

This systematic review finds the impact of induced fa-
tigue on dynamic balance to be equivocal. Currently, the
relevance of considering fatigue as a risk factor for poor
dynamic posture control is unclear. Further investigation
with greater methodological rigor is required. Future in-
vestigators should carefully consider the variations in
training regiments, the heterogeneity of the athletic popu-
lation recruited, and the fatigue protocols. They should
utilize adequate sample size with control groups that
don’t receive fatiguing protocols and assess outcomes
over longer temporal intervals. Lastly, they should record
any difficulty the subjects encounter while performing the
SEBT/YBT post fatigue (i.e. failed attempts) as this may
provide important information regarding the effects of fa-
tigue on balance assessments.

Additionally, the majority of studies included in the
review are pre-post study design, in which the subjects
serve as their own control by measuring a pre-SEBT/
YBT assessment prior to the intervention. However, this
does not fulfill the criteria of having a control that does
not undergo the fatiguing regimen. Only two studies
fulfill this criteria: Gribble et al.!” in quasi-experiment-
al study-design used the same subjects but had a control
condition where they did not render any fatigue on a dif-
ferent experimental day and; the randomized control trial
of Zulfikri et al > which had subjects randomly allocated
to not receive any fatigue. Utilizing proper control arms
better attributes any changes in dynamic balance to the
fatiguing protocol used. Moreover, only one study by
Johnston et al.? followed up on their outcome at differ-
ent intervals: immediately after intervention, 10 minutes
after, and 20 minutes after, noting that dynamic balance
remained significantly affected at 20 minutes. The impli-
cation of fatigue affecting balance longer than 20 minutes
may be clinically meaningful within the context of injury
and prolonged training hours.

The strengths of this review include a search strategy
that was verified through peer review and adapted for a
broad set of databases to ensure identification of all pos-
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sibly relevant articles. The authors narrowed search terms
to include only athletic (and not “generally healthy”)
populations to draw distinction between the two demo-
graphics, which may enhance the direction of future re-
search in this field of knowledge. Additionally, two in-
dependent reviewers were used for screening and critical
appraisal purposes to minimize error and bias, using a
well-accepted and valid set of criteria for critical apprais-
al of relevant studies.

Limitations of this systematic review include lack of
sensitivity analysis on thresholds for low risk of bias stud-
ies. Additionally, the definition of athlete in the research
question was broad, which may have made it difficult to
identify relevancy during the critical appraisal and evi-
dence syntheses process. Lastly, inclusion of studies pub-
lished solely in English may have excluded relevant stud-
ies. However, previous reviews have found that this has
not led to biases in the reported results.*

Future studies investigating the effects of fatigue on
dynamic balance should consider the following sugges-
tions: recruit homogenous athletic populations whose
training is well described; conduct a sample size esti-
mation to ensure an adequate numbers of subjects; use
non-laboratory fatigue protocols to simulate a more real-
istic fatigue intervention (especially for the competitive
athlete population); use a control group not receiving any
fatigue intervention; repeat follow-up outcome measures
to assess for longevity of fatigue effects, and report fre-
quency of errors while subjects attempt the SEBT/YBT
post-fatigue as an additional outcome.

Conclusions

The impact of induced fatigue on dynamic balance is
inconsistent as measured by the SEBT/YBT in the athlet-
ic population. In the competitive athletic population, evi-
dence suggests dynamic balance performance remains in-
tact following induced fatigue. However, in the recreation-
al athletic population, evidence suggests dynamic balance
performance is significantly impacted by fatigue. Further
high-quality athlete specific studies are required to con-
firm these preliminary findings. Nevertheless, there is no
conclusive evidence that induced fatigue affects dynamic
balance outcomes in the asymptomatic athletic population.

Practical implications
e Evidence suggests the impact of induced fatigue on
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dynamic balance in the athletic population is incon-
sistent.

Preliminary evidence suggests that competitive ath-
letes” dynamic balance performance is more likely to
remain unaffected by induced fatigue.

Preliminary evidence suggests that recreational ath-
letes” dynamic balance performance is more likely to
be affected by induced fatigue.

Key Points

* Evidence suggests the impact of induced fatigue
on dynamic balance in the athletic population is
inconsistent.

* Preliminary evidence suggests that competitive
athletes’ dynamic balance performance is more
likely to remain unaffected by induced fatigue.

* Preliminary evidence suggests that recreational
athletes’ dynamic balance performance is more
likely to be affected by induced fatigue.
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Appendix 1.
Search strategy
1. MH Athletes
2. MH Sports +
3. TI athlete* or AB athlete*
4. TI sport* or AB sport*
5. TI archery* or AB archery*
6. TI badminton* or AB badminton*
7. TI biath* or AB biath*
8. TI bmx* or AB bmx*
9. TI bobsle* or AB bobsle*
10. TI bowling™* or AB bowling™* or TI bowler* or AB bowler*
11. TI boxing* or AB boxing* or TI boxer* or AB boxer*
12. TI basketball* or AB basketball*
13. TI baseball* or AB baseball*
14. TI canoe™* or AB canoe*
15. TI cricket* or AB cricket*
16. TI curling® or AB curling*
17. TI cycling* or AB cycling™ or TI cyclist* or AB cyclist*
18. TI diving* or AB diving* or TI diver or AB diver or TI divers or AB divers
19. TI equest™ or AB equest™
20. TI fencing* or AB fencing* or TI fencer* or AB fencer*
21. TI golf* or AB golf*
22. TI football* or AB football*
23. TI gymnast* or AB gymnast*
24. TI hockey* or AB hockey*
25. TI jiu jitsu* or AB jiu jitsu* or TI jiu-jitsu* or AB jiu-jitsu* or TI ju-jitsu* or AB ju-jitsu*
26. TI jogging* or AB jogging® or TI jogger* or AB jogger*
27. TI judo* or AB judo*
28. TI karate* or AB karate*
29. TI kayak* or AB kayak*
30. TI kendo* or AB kendo*
31. TI kung fu* or AB kung fu* OR TI kung-fu* or AB kung-fu*
32. TI lacrosse* or AB lacrosse*
33. TI luge* or AB luge*
34. TI martial art* or AB martial art*
35. TI mountaineer® or AB mountaineer™
36. TI qigong* or AB qgigong*
37. TI racquet* or AB racquet*
38. TI ringette* or AB ringette*
39. TI rower™* or AB rower* or TI rowing* or AB rowing*
40. TI rugby* or AB rugby*
41. TI runner* or AB runner*
42. TI running* or AB running*
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APPENDIX 1 - MEDLINE SEARCH STRATEGY - May 28, 2019 — continued

43. TI sailing* or AB sailing* or TI sailor* or AB sailor*

44. TI soccer* or AB soccer*

45. TI skiing* or AB skiing* or TI skier* or AB skier*

46. TI skating® or AB skating* or TI skater* or AB skater*

47. TI sledding* or AB sledding*

48. TI snowboard* or AB snowboard*

49. TI softball* or AB softball*

50. TI speed-skat™ or AB speed-skat™

51. TI squash* or AB squash*

52. TI swim* or AB swim*

53. TI taekwondo* or AB tackwondo*

54. TI tai ji or AB tai ji or TI tai chi* or AB tai chi* or TI taiji* or AB taiji* or TI taichi* or AB taichi*
55. TI tennis* or AB tennis*

56. TI (track n2 field) or AB (track n2 field)

57. TI triath* or AB triath*

58. TI volleyball* or AB volleyball*

59. TI wakeboard* or AB wakeboard*

60. TI water polo* or AB water polo*

61. TI wrestling* or AB wrestling* or TI wrestler* or AB wrestler™

62. TI weightlift* or AB weightlift* or TI weight lift* or AB weight lift*
63. TI walking* or AB walking*

64. 1-63/OR [** sports]

65. TI star excursion® or AB star excursion* or TI star-excursion* or AB star-excursion*
66. TI y-balance* or AB y-balance*

67. TI y balance* or AB y balance*

68. TI y-test* or AB y-test*

69. TI star n2 test* or AB star n2 test*

70. TI ybt* or AB ybt*

71. TI sebt or AB sebt

72. MH Postural Balance

73. TI dynamic* n2 postural balance* or AB dynamic* n2 postural balance*
74. TI dynamic* n2 balance test* or AB dynamic* n2 balance test*

75. TI postural balance n2 test™*

76. 65-76 / OR [** star-excursion test]

7. MH Fatigue

78. MH Muscle Fatigue

79. TI fatigu* or AB fatigu*

80. 77-80/ OR [**fatigue]

81. 64 AND 76 AND 80

82. LIMIT 81 English language
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APPENDIX 1 - SportDiscus Search Strategy

1. DE Athletes +

2. DE Sports +

3. TI athlete® or AB athlete*

4. TI sport* or AB sport*

5. TI boxing* or AB boxing* or TI boxer* or AB boxer*

6. TI basketball* or AB basketball*

7. TI baseball* or AB baseball*

8. TI cycling* or AB cycling* or TI cyclist* or AB cyclist*

9. TI diving* or AB diving* or TI diver or AB diver or TI divers or AB divers
10. TI fencing* or AB fencing* or TI fencer* or AB fencer*

11. TI golf* or AB golf*

12. TI football* or AB football*

13. TI gymnast* or AB gymnast*

14. TI hockey* or AB hockey*

15. TI jiu jitsu* or AB jiu jitsu* or TI jiu-jitsu* or AB jiu-jitsu* or TI ju-jitsu* or AB ju-jitsu*®
16. TI jogging* or AB jogging™ or TI jogger* or AB jogger*

17. TI judo® or AB judo*

18. TI karate™ or AB karate*

19. TI kayak* or AB kayak*

20. TI kendo* or AB kendo*

21. TI kung fu* or AB kung fu* OR TI kung-fu* or AB kung-fu*
22. TI martial art* or AB martial art*

23. TI mountaineer® or AB mountaineer*

24. TI gigong* or AB gigong*

25. TI racquet* or AB racquet*

26. TI rugby* or AB rugby*

27. TI runner* or AB runner*

28. TI running* or AB running*

29. TI soccer* or AB soccer*

30. TI skiing* or AB skiing* or TI skier* or AB skier*

31. TI skating® or AB skating* or TI skater* or AB skater™

32. TI swim* or AB swim*

33. TI tackwondo* or AB tackwondo*

34. TI tai ji or AB tai ji or TI tai chi* or AB tai chi* or TI taiji* or AB taiji* or TI taichi* or AB taichi*
35. TI tennis* or AB tennis*

36. TI (track n2 field) or AB (track n2 field) track*

37. TI volleyball* or AB volleyball*

38. TI water polo* or AB water polo*

39. TI wrestling* or AB wrestling* or TI wrestler* or AB wrestler*
40. TI weightlift* or AB weightlift* or TI weight lift* or AB weight lift*
41. TI walking* or AB walking*

42. 1-41 /OR

43. DE Exercise Test

J Can Chiropr Assoc 2021; 65(3)
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APPENDIX 1 - SportDiscus Search Strategy — continued

44. TI star excursion*® or AB star excursion* or TI star-excursion* or AB star-excursion*
45. TI y-balance* or AB y-balance*

46. TI y balance* or AB y balance*

47. TI y-test* or AB y-test*

48. TT star n2 test* or AB star n2 test*

49. TI ybt* or AB ybt*

50. TI sebt or AB sebt

51. 43-50 / OR

52. DE Fatigue
53. TI fatigu* or AB fatigu*
54. 52-53/ OR

55. DE Posture
56. TI dynamic* n2 postural balance* or AB dynamic* n2 postural balance*

57. TI dynamic* n2 balance test* or AB dynamic* n2 balance test*
58. 55-57/0R

59. 42 AND 51 AND 54

60. 42 AND 54 AND 58

61. 59 OR 60

62. LIMIT 61 English language
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to build a propensity score to investigate the effects of
treatment timing during the management of SRCs.

Methods: Associations between early (0-7 days)
versus late (8-28 days) presentation for treatment and
pre-specified sociodemographic, pre-injury and injury
characteristics were investigated in a historical cohort
study of 2949 multi-sport athletes across Canada aged
12-18 years diagnosed with a SRC in community-based
healthcare clinics.

Results: Early presentation was associated with being
male, completing a pre-injury baseline assessment, and
responding ‘yes’ or ‘no’to having a diagnosed learning
disability. Older athletes who reported previous SRCs
were less likely to present early. The propensity score
demonstrated an area under the curve of 0.71 (95% ClI,
0.69100.73).

Conclusions: Male athletes with a completed baseline
assessment were more likely to seek early treatment
Jfollowing a SRC, and older athletes who reported a
greater number of previous SRCs were less likely to
present early. External validation of the propensity score
is needed before examining the impact of treatment
timing on adolescent athlete recovery outcomes.

(JCCA. 2021:65(3):260-274)

KEY WORDS: chiropractic, concussion, mild traumatic
brain injury, multi-modal treatment, rehabilitation, sport
related concussion

consultation précoce et a une consultation tardive; 2) établir
un score de propension pour étudier les effets du moment du
traitement pendant la prise en charge de la CCLS.
Meéthodologie : Les liens entre la consultation précoce
(de 0 a 7 jours) et la consultation tardive (de 8 a 28
jours) et les caractéristiques sociodémographiques, les
caractéristiques avant la blessure et les caractéristiques
apres des blessure prédéterminées ont ét€ examinés au
cours d’une étude de cohorte historique menée aupres
de 2 949 adolescents multisports répartis dans toutes les
régions du Canada, agés de 12 a 18 ans, chez lesquels
une CCLS avait été diagnostiquée dans des cliniques de
santé communautaires.
Résultats : La consultation précoce a été associée
au sexe masculin, a une évaluation de départ avant la
blessure et a la présence ou a I’absence d’un trouble de
I’apprentissage. Les athletes plus agés ayant signalé des
CCLS antérieures étaient moins susceptibles de consulter
précocement. Le score de propension a démontré une aire
sous la courbe de 0,71 (IC a 95 % : 0,69 a 0,73).
Conclusions : Les athletes masculins ayant subi
une évaluation de départ étaient plus susceptibles de
consulter précocement apres une CCRS alors que
les athletes agés ayant déclaré un plus grand nombre
de CCRS antérieures étaient moins susceptibles de
consulter précocement. Une validation externe du
score de propension serait nécessaire avant d’examiner
I’effet du moment de la consultation sur les résultats de
récupération chez les athlétes adolescents.

(JCCA. 2021:65(3):260-274)

MOTS CLES : chiropratique, commotion, lésion
cérébrale traumatique 1égere, traitement multimodal,
réadaptation, commotion liée au sport

Introduction

Sport-related head and neck injuries, including concus-
sions, are common in young athletes.'? In a recent survey
of 13,000 adolescents (Grade 8, 10, and 12) in the US,
19.5% reported having at least one concussion in their life-
time.* However, this figure is thought to be grossly under-
estimated.* Sports with the highest rates of concussion
for athletes less than 18 years old are Rugby (4.18/1000

J Can Chiropr Assoc 2021; 65(3)

athlete exposures (AEs)), Ice hockey (1.20/1000 AEs),
American football (0.53/1000 AEs).’

The symptoms associated with sport-related concussion
(SRC) may be of cognitive, visual, vestibular, physiologic-
al, or cervical spine origin.®® Such symptoms can have a
significant negative impact on an athlete’s educational and
sport-related activities and aspirations. Recent evidence
suggests that greater symptom severity is associated with
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higher levels of concern for reduced academic perform-
ance, and more school-related problems in adolescents.!’
It has also been shown that high school students not yet
recovered from concussion report significantly more per-
ceived adverse academic effects than younger students
suffering from SRC." The typical recovery time for ado-
lescents with concussion is already greater than that seen
in adults®, at four weeks *!' compared to the usual 10 to 14
days seen in adults''. This further reinforces the need for
greater SRC research in this population.

Emerging evidence from observational studies sug-
gests that favourable recovery outcomes are obtained
through the use of individualized, multi-modal plans of
management 3 particularly if initiated early after con-
cussion versus later'>*, However, when the timing of
treatment initiation is of primary interest, a phenomenon
called Immortal Time Bias — “a span of time in the ob-
servation or follow-up period of a cohort during which
the outcome under study could not have occurred”*, can
lead to a systematic under-or-overestimation of an inter-
vention’s true influence on the outcome of interest. There-
fore, the apparent treatment effects seen in these previous
observational studies may, in part, be due to character-
istic or prognostic differences between the athletes who
present for treatment earlier versus later.

Propensity scores provide a methodology for observa-
tional studies that may be useful in controlling for sys-
tematic differences among participants by making those
participants within the exposed/experimental and non-ex-
posed/control groups more directly comparable.'> Fur-
ther, such methodology may allow for a greater number
of covariates to be adjusted for in the model.

There are currently no studies that describe the associ-
ation between patient characteristics and the timing of pa-
tient presentation for treatment, nor completely describe
a propensity score that can be used to balance subjects on
such characteristics in future observational studies. We hy-
pothesized that those with a greater number of previous con-
cussions would present for care earlier, and that individuals
with a previous diagnosis of an anxiety disorder, depression,
or with a history of headache would present for treatment
later. Similarly, we expected that athletes who suffered loss
of consciousness (LOC), post-traumatic amnesia (PTA), or
post-traumatic seizures (PTS) at the time of their concus-
sion would also present at a later time'?, as they may initially
be sent to the hospital rather than a treatment clinic.

262

This study represents the initial step in a line of research
aimed at better understanding the relationship between tim-
ing of treatment and athlete recovery outcomes. Therefore,
our objectives were to 1) determine which pre-determined
characteristics of adolescent athletes (12-18 years old) with
SRC are associated with ‘early’ versus ‘late’ presentation to
concussion management clinics for multimodal treatment;
2) to build a propensity score to investigate the effects of
treatment timing during the management of SRCs in fu-
ture studies. This study is reported in compliance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement.'®

Methods

Study design and setting

We conducted a historical cohort study using a concus-
sion management database containing electronic health-
care records from community-based healthcare clinics
in Canada. The Complete Concussion Management Inc.
(CCMI) database is an electronic medical record system
used by healthcare providers who undergo additional
evidence-based training in concussion management pro-
vided by CCMI to document patient characteristics and
baseline testing (e.g., demographics, geographic location,
sport participation, and pre-injury conditions), post-injury
concussion assessments (e.g., validated patient-reported
outcome measures such as the Post-Concussion Symptom
Scale (PCSS) score, and physical examination findings),
and clinical notes. Ethical approval was obtained from
the Canadian Memorial Chiropractic College (CMCC)
research ethics board (Certificate #1907X02).

Participants

We investigated the records of athletes who sought care
for a SRC at a community healthcare clinic between
January 2017 and August 2019. Eligible participants were
male and female athletes between 12-18 years of age. We
excluded participants with concussions/mild traumatic
brain injuries that were not associated with sport (i.e. mo-
tor vehicle accidents, workplace injuries, blast injuries),
those with moderate or severe traumatic brain injuries,
and those presenting later than 28 days post-concussion.

Sport-Related Concussion (SRC) case definition
SRC was defined according to the Berlin Consensus

J Can Chiropr Assoc 2021; 65(3)
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Statement on Concussion in Sport.!! SRC is the onset of
short-lived impairments of neurological function follow-
ing a direct blow to the head, face, neck, or elsewhere on
the body with an impulsive force transmitted to the head."

Data extraction procedure

De-identified data was extracted by independent data
management personnel to a password protected spread-
sheet and imported into a data analysis software (SPSS
Statistics, version 26).

Primary outcome

Our outcome of interest was the time to presentation for
care defined as the number of days between the self-re-
ported date of the athlete’s concussion and the date of
their initial assessment at a healthcare clinic. A presenta-
tion period of 0-7 days post-injury was selected to define
the ‘early’ group to remain consistent with the most recent
published literature'?, while a period of 8-28 days defined
the ‘late’ group'? considering that most concussive symp-
toms in adolescents resolve within one month!!.

Independent variables

We selected sixteen variables a priori based on the sci-
entific literature and clinical knowledge including demo-
graphic and pre-injury information (i.e. age, sex, geo-
graphic location, number of previous SRCs, completion
of a baseline assessment, or a history of anxiety, depres-
sion, headache, learning disability, or ADD/ADHD), in-
jury characteristics (i.e. sport played at the time of injury,
location of impact on the head or body), and immedi-
ate post-concussion features (i.e. loss of consciousness,
post-traumatic amnesia, post-traumatic seizures).

Sample size
In order to estimate a minimum sample size, we applied
a general statistical rule of thumb for logistic regression
described by Harrell, requiring at least 10 events and non-
events per independent variable (i.e., 160 events and 160
non-events).!”

Analysis

We analyzed the data descriptively using frequencies or
means (standard deviations (SD)) and used two-tailed
t-tests and Pearson > tests to analyze the relationships
between the independent variables and outcome group.

J Can Chiropr Assoc 2021; 65(3)

SRC records retrieved from
database from clinics
in Canada
(n=3777)

Ineligible records based on
inclusion criteria of

L age 12-18 years

(n=533)

Eligible records based on
inclusion / exclusion
criteria
(n=3242)

Ineligible based on
presentation time
outside of 0-28 days
(n=290)

J

~

Eligible records
(n=2952) Excluded due to

missing data:
— Gender (n=1)
— ADD/ADHD Status
(n=2)

J

Final cohort
(n=2949)
Figure 1.
Cohort Assembly. ADD/ADHD = Attention deficit

disorder / attention deficit hyperactivity disorder; SRC =
Sport-related concussion;

A multiple logistic regression model was fit with all the
pre-determined independent variables. Associations were
expressed as odds ratios with 95% confidence intervals.

The predicted probabilities of an athlete presenting ear-
ly vs. late obtained from the multiple logistic regression
was used to develop a propensity score.”” Quintile strat-
ification by propensity score was then used to examine
whether there was a balance of early and late presenters
within quintiles.!" Overall performance of the propensity
score model was gauged by calculating the Area Under
the Curve (AUC) and model-fit assessed via the Hosmer
& Lemeshow Goodness-of-Fit test.'®

Results

Cohort Assembly & Missing Data

A total of 3777 records were retrieved from the database,
and 2949 patient records were included in the final analy-
sis (Figure 1). Less than 10% of the retrieved records had
missing data (225/2949, 7.5%). Three records (0.1%) with
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Table 1.

Participant characteristics

Count (% of Column)

Characteristic Early Group Late Group Early vs. Late Groups
(N =2163/2949; 73.3%) (N =786/2949; 26.7 %) (P-Value)a
Age (years), (mean +SD)
Mean + SD 1430 £ 1.45 1456 +1.43 <.001
Sex
Male 1257 (58.1) 402 (51.1) 001
Province
Atlantic Provinces 224 (10.4) 71 (9.0) <.001
Quebec 311 (14.4) 150 (19.1)
Ontario 784 (36.2) 287 (36.5)
Saskatchewan 305 (14.2) 89 (11.3)
Alberta 166 (7.7) 55 (7.0)
British Columbia 373 (17.2) 134 (17.0)
Time to Clinic Presentation (days)
Mean + SD 3.12+1.84 14.07 +5.48 <.001
Completed Baseline
Yes 911 (42.1) 163 (20.7) <.001
History of Diagnosed Anxiety
Yes 164 (7.6) 69 (8.8) 287
History of Diagnosed Depression
Yes 52 (1.3) 28 (6.6) 087
History of Diagnosed Headache
Yes 21 (1.0) 11 (1.4) 321
History of Diagnosed Learning Disability
Yes 106 (4.9) 43 (5.5) <001
No 1992 (92.1) 631 (80.3)
Missing 65 (3.0) 112 (14.2)
History of Diagnosed ADD/ADHD:
ADD 29 (1.3) 18 (2.3) 089
ADHD 76 (3.5) 354.5)
None 2058 (95.1) 733 (93.3)
Number of Previous self-reported SRCs:
Mean + SD 0.54 +£0.83 0.67 £0.94 001
0 1358 (62.8) 458 (58.3)
1 530 (24.5) 196 (24.9)
2 179 (8.3) 68 (8.7)
>3 96 (4.4) 64 (8.1)
Loss of Consciousness:
Yes 115 (5.3) 55 (7.0) 173
No 1912 (88.4) 688 (87.5)
Unsure 136 (6.3) 43 (5.5)
Post-Traumatic Amnesia:
Anterograde 162 (7.5) 69 (8.8) 152
Retrograde 150 (6.9) 67 (8.5)
None 1851 (85.6) 650 (82.7)
Post-Traumatic Seizures:
Yes 24 (1.1) 9 (1.1) 595
No 2103 (97.2) 768 (97.7)
Missing 36 (1.7) 9 (1.1)

* Two-sided t-test or chi-square

ADD/ADHD = Attention Deficit Disorder / Attention Deficit Hyperactivity Disorder; LOC = Loss of Consciousness; PCS = Post-Concussion Syndrome; PCSS = Post-Concussion Symptom Score; SD =
Standard Deviation; SRC(s) = Sport Related Concussion(s); WAD = Whiplash Associated Disorder.

264

J Can Chiropr Assoc 2021; 65(3)




D Germann, C Cancelliere, M Kazemi, C Marshall, S Hogg-Johnson

Table 1.

Participant characteristics — Continued

Count (% of Column)
Characteristic Early Group Late Group Early vs. Late Groups
(N =2163/2949; 73.3%) (N =786/2949; 26.7 %) (P-Value)a
PCSS Score (/132)
Mean + SD 26.6 +21.8 2535 +21.25 167
PCSS Symptom Number ( /22)
Mean + SD 10.12 + 6.098 9.80 + 6.37 212
Mechanism of Injury:
Hockey 916 (42.3) 282 (35.9) <.001
Soccer 275 (12.7) 102 (13.0)
Football 213 (9.8) 58 (7.4)
Rugby 128 (5.9) 64 (8.1)
Basketball 126 (5.8) 47 (6.1)
Lacrosse 86 (4.0) 19 (2.4)
Skiing 60 (2.8) 40 (5.1)
Volleyball 60 (2.8) 23 (2.9)
Cheerleading 55(2.5) 24 (3.1)
Ringette 50 (2.3) 172.2)
Martial Arts 39 (1.8) 24 (3.1)
Watersport 31(1.4) 9(1.1)
Skating 17 (0.79) 9 (1.1)
Gymnastics 18 (0.83) 9(1.1)
Baseball 15 (0.69) 10 (1.3)
Cycling 8 (0.37) 8 (1.0)
Dance 9(042) 6 (0.76)
Dodgeball 6 (0.28) 6 (0.76)
Equestrian 7(0.32) 2 (0.25)
Other 44 (2.0) 27 (3.4)
Location of Impact — Head
Crown 28 (1.3) 12 (1.5) .630
Frontal Bone — Left 436 (20.2) 164 (20.9) 673
Frontal Bone — Right 545 (25.2) 199 (25.3) 946
Temporal Bone — Left 258 (11.9) 90 (11.5) 722
Temporal Bone — Right 265 (12.3) 92 (11.7) .687
Parietal Bone — Left 97 (4.5) 45 (5.7) .164
Parietal Bone — Right 130 (6.0) 51 (6.5) .632
Occipital Bone — Left 468 (21.6) 145 (18.4) 059
Occipital Bone — Right 492 (22.7) 162 (20.6) 217
Location of Impact — Body
Front 191 (8.8) 79 (10.1) 310
Rear 218 (10.1) 62 (7.9) 073
Left Side 130 (6.0) 36 (4.6) 136
Right Side 143 (6.6) 52 (6.6) 996
Diagnosis at Time of Assessment (community clinic):
WAD 861 (39.8) 184 (23.4) <.001
Chronic WAD 0 (0.00) 34 (4.3) <.001
PCS 1 (0.05) 75 (9.5) <.001
SRC with LOC 131 (6.0) 62 (7.9) 075
SRC without LOC 1645 (76.1) 521 (66.3) <.001
None 230 (10.6) 119 (15.1) 001
Other 54 (2.5) 24 (3.1) 405
Not Provided 21(0.97) 5(0.64) .390

“Two-sided t-test or chi-square

ADD/ADHD = Attention Deficit Disorder / Attention Deficit Hyperactivity Disorder; LOC = Loss of Consciousness; PCS = Post-Concussion Syndrome; PCSS = Post-Concussion Symptom Score; SD =
Standard Deviation; SRC(s) = Sport Related Concussion(s); WAD = Whiplash Associated Disorder.
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small amounts of missing data (gender = 1 record, ADD/
ADHD status = 2 records) that interfered with cross-tabu-
lation analyses were removed. For two predictors with
larger amounts of missing data (post-traumatic seizures =
45 (1.5%) records, and history of learning disability = 177
(6%) records) that did not interfere with statistical testing,
missing was maintained as a category and they were includ-
ed in the model with three categories — Yes, No and Missing.

Participants
Participants were aged 14.37 (= 1.45) years (Table 1).
The majority were male (n = 1659, 56.3%), and evalu-
ated in clinics located in Ontario (n = 1071, 36.3%). A
total of 2163 participants (73.3%) presented to the clinic
within seven days of their injury (early group), whereas
786 (26.7%) presented 8-28 days after their injury (late
group). Those in the early group presented to the clinic
3.12 ( 1.8) days post-injury, versus 14.07 (£ 5.5) days in
the late group.

A completed baseline assessment was recorded for

1074 (36.4%) of the participants. Participants reported
previously diagnosed anxiety (233, 7.9%), depression
(80,2.7%), headache (32, 1.1%), learning disability (149,
5.1%),ADD (47, 1.6%),and ADHD (111, 3.8%). The ma-
jority reported no previous SRCs (1816, 61.6%).

Most participants reported no loss of conscious-
ness (n = 2600, 88.2%), no post-traumatic seizure (n =
2871, 97.4%), and no post-traumatic amnesia (n = 2501,
84.8%), but those who did experienced similar rates of
anterograde and retrograde amnesia.

Participants had a mean Post-Concussion Symptom
Scale (PCSS) score of 26.6 + 21.66 / 132 and reported
an average of 10.03 + 6.17 / 22 possible symptoms. Most
SRCs were sustained playing hockey (n = 1198, 40.6%),
followed by soccer (n = 377, 12.8%), football (n = 271,
9.2%), and rugby (n = 192,6.5%).

Factors associated with early versus late
presentation time
Early presentation was associated with being male (OR,

Table 2.

Farticipant and injury characteristics associated with treatment presentation time

from multiple logistic regression model

Characteristic Odds Ratio 95% Confidence Interval P Value
Male (Ref = female) 1.24 1.00 —1.52 047
Completed Baseline (Ref = no) 2.58 2.10-3.18 <.001
Older Age 0.93 0.87 -0.99 020
Greater Number of Previous self-reported SRCs 0.83 0.75-0.92 <.001
History of Diagnosed Anxiety (Ref = no) 1.04 0.74 - 146 .833
History of Diagnosed Depression (Ref = no) 0.90 0.53-1.53 .601
History of Diagnosed Headache (Ref = no) 0.92 041-2.04 .834
History of Diagnosed Learning Disability (Ref = missing)
No 5.34 3.80-7.50 <.001
Yes 498 2.99 -8.31 <.001
History of Diagnosed ADD/ADHD (Ref = none)
ADD 0.61 031-1.17 .137
ADHD 0.70 0.44 - 1.09 .110
Loss of Consciousness (Ref = no)
Unsure 1.17 0.79-1.72 441
Yes 0.94 0.64 - 1.39 768
Post-Traumatic Amnesia (Ref = retrograde)
Anterograde 1.06 0.69 — 1.64 783
None 1.20 0.85-1.68 .303
Post-Traumatic Seizures (Ref = no)
No 0.62 027 -141 252
Yes 0.79 0.25-2.56 .696

ADD/ADHD = Attention Deficit Disorder / Attention Deficit Hyperactivity Disorder; Ref = Reference value used in logistic regression; SRCs = Sport Related Concussions; P-values of characteristics with
significant associations are bolded. NOTE: Non-significant (p >.05) characteristics not reported in the table include — Province, location of impact on the head and body, and sport / mechanism of injury
with the exception of Skiing which was the only sport significantly associated with presentation time (OR, 0.39 [95% CI, 0.16 — 0.99]; p<.046).
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1.24 [95% CI, 1.00 — 1.52]), completing a pre-injury base-
line assessment (OR, 2.58 [95% CI, 2.10 — 3.18]), and re-
sponding (vs. not responding) to having a diagnosed learn-
ing disability — whether ‘yes’ (OR, 4.98 [95% CI, 2.99 —
8.30] or ‘no’ (OR, 5.34 [95% CI, 3.80 — 7.50]) (Table 2).

Older adolescent athletes were less likely to present
early (OR, 0.93 [95% CI, 0.87 — 0.99]), as were those
who had sustained a greater number of previous SRCs
(OR, 0.83 [95% CI, 0.75 — 0.92]). Reports of prior diag-
noses of anxiety, depression, headache, or ADD/ADHD
were not significantly associated with presentation time.
The same was true for reports of loss of consciousness,
post-traumatic amnesia, post-traumatic seizure, and lo-
cation of impact on the head or body. The type of sport
being played at the time of injury was also not associated
with presentation time, except for snow skiing, which was
associated with late presentation (OR, 0.39 [95% CI,0.16
-0.99)).

The propensity score classified patients as early vs. late
(AUC =0.71 [95% CI, 0.69 — 0.73]; Hosmer and Leme-
show Goodness-of-Fit > = 5.23, p = 0.73) (Table 3). Fig-
ure 2 presents side-by-side boxplots of early versus late
presenters by quintile of propensity score. The plot shows
good overlap of distribution of propensity score between
early and late presenters indicating the propensity score
achieves good balance of covariates between the two
groups. Appendix 1 further demonstrates how balance of
the included covariates is achieved when stratified across
quintiles.

Discussion

We determined baseline patient and injury characteristics
associated with time to treatment presentation for SRC
among 12-18-year-old athletes seeking care from Can-
adian concussion clinics. Our propensity score demon-

Table 3.
Propensity model performance measures

Test

Overall Model Evaluation AUC (95% CI)

0.71 (0.69 — 0.73)

Hosmer & Lemeshow

Goodness-of-Fit Test Chi-square df P-Value

5.23 8 73

AUC = Area under the curve; df = degrees of freedom
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strated modest ability (AUC =0.71; 95% CI,0.69 —0.73)
to classify participants as either early or late presenters.
Our results indicated that males were more likely to
present to the clinic early compared to females. The asso-
ciation between male sex and early presentation for care
was unexpected, as current research suggests that adoles-
cent males are less likely than females to report concus-
sion symptoms'®?°, and generally have more negative per-
ceptions about the consequences of symptom reporting'.
It is possible that a delay in symptom reporting would
result in a later presentation for treatment, but this was
not demonstrated in our data. Athletes with a completed
baseline assessment were approximately 2.6 times more
likely to present early than those without a completed
baseline. This finding aligns with our hypothesis, as ath-
letes who have previously established relationships with

Early (E) and late (L) grouping for each quintile

Figure 2.
Propensity score distribution by quintile (Q1-Q5)

dichotomized by early (E) or late (L) grouping. Boxes

represent the interquartile ranges (25th percentile to
75th percentile) of each quintile for both the early (E)
and late (L) groups. Median values are represented by
the line in the middle of the box, and whiskers represent

the minimum and maximum propensity score values.
Circles plotted beyond the whiskers denote outlier data.
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a local clinician may also have more readily available ac-
cess to care compared to those without these pre-existing
relationships. Additionally, athletes with recorded data on
a previous diagnosis of a learning disability (yes or no)
were upwards of five times more likely to present ear-
ly than those for whom this data was missing. This too,
could relate to a previous relationship with the clinic, or
prior education from the treating clinician on seeking ear-
lier care.

We found that older athletes were more likely to present
late. It is possible that as the competitive culture of sport
intensifies in older age groups, older athletes may be less
inclined to report concussion related symptoms and seek
treatment. Factors that may explain the reduced self-re-
porting behaviours in older athletes include a fear of re-
duced playing time, fear of letting down parents, coach-
es, or teammates, underestimation of the injury severity,
a decline in one’s athletic identity, or loss of scouting/
scholarship opportunities.*'?*' A study by Kuroski et al."”
on concussion knowledge and reporting behaviours in
496 high-school athletes found that younger athletes were
more likely to self-report SRC symptoms despite older
athletes demonstrating greater concussion education and
knowledge.!” We had also hypothesized that athletes who
had suffered previous concussions would have a greater
odds of presenting early, but this was not observed. It may
be that those with previous concussion experience are
more familiar with concussion management techniques
and therefore opt to self-manage their symptoms in the
early stages of recovery. However, this theory has yet to
be demonstrated in the literature.

A number of acknowledged negative prognostic fac-
tors for recovery from SRC (i.e. a history of a diagnosed
anxiety disorder, depression, or headache disorder) and
surrogate markers of injury severity (i.e. LOC, PTA, PTS,
location of impact on the head/body)**** were not associ-
ated with athlete presentation time. Given that early pres-
entation for care may be associated with better clinical
outcomes'>!*?* it is encouraging that mental health issues
(anxiety, depression) and headaches do not seem to act as
barriers to accessing early treatment. A possible explana-
tion for the lack of association observed may be related to
how these questions are asked during the clinical assess-
ment (i.e., previously diagnosed anxiety or depression).
Athletes may have experienced significant feelings of
anxiety or depression but have not been formally diag-
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nosed with a mental health disorder, prompting clinicians
to record negative answers when asking about these con-
ditions. Regarding surrogate markers of injury severity,
we expected that athletes with these injury characteristics
would take longer to access care, as they may be initially
directed to emergency departments for assessment. The
relationship between surrogate markers of injury severity
and clinical recovery is still unclear in adolescent athletes,
however, most studies indicate that factors such as LOC
and PTA are not strong predictors of clinical outcome.***
Our findings suggest that injury severity characteristics
also do not seem to impede athletes from seeking early
care.

Given that this is, to our knowledge, one of only two
observational studies to develop a propensity score to bal-
ance patient characteristics associated with early vs. late
care seeking behaviour, there is limited data to which we
can compare the performance of our propensity model to.
Lawrence et al.'® conducted a smaller observational study
of 253 acute (<14 days) concussion cases to see if ear-
lier initiation of exercise influenced return to sport and
school/work in athletes aged 15-20 years. The authors
used a similar propensity score to stratify participants into
quintiles based on nine covariates. The authors provide
a supplemental table demonstrating that their propensity
score achieves adequate balance of the included covari-
ates when stratified across quintiles. We present similar
data in Appendix 1 demonstrating a shift from imbalance
between the ‘early’ and ‘late’ subjects in the pooled data,
to balance between early and late subjects across the five
quintiles.

Strengths and limitations

Our study had strengths. It is the first to describe the char-
acteristics of this subpopulation of athletes within the
large national database. Consequently, we were able to
generate a large sample size (n = 2949). Further, the limit-
ing sample size of our smallest group was 786 (late group)
which far exceeded the minimum requirement of 160 es-
timated during the planning of this study. Recent studies
investigating the impact of treatment timing on recovery
rates by Kontos et al.'? and Lawrence et al."’ had sample
sizes of 416 and 253 participants respectively. The com-
pleteness and quality of data provided through the data-
base aided in maximizing our sample size, as only 225
(7.5%) of the retrieved records had missing data inputs.
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Also, we included 16 covariates in our model that are as-
sociated with health outcomes in people with concussion.
Lawrence et al."* developed a propensity score through
multiple logistic regression for time-to-aerobic exercise
consisting of nine covariates, and it included symptom se-
verity at presentation to the clinic which may be unfitting
since it is likely confounded with time to presentation.
Our study captured each of the same covariates plus seven
additional factors with the exception of symptom sever-
ity. Symptom severity scores for each patient were not
included in the multiple logistic regression because they
were not recorded at a uniform point in time following
injury for each subject.

Our study had limitations. First, despite including
a large number of covariates in the development of our
propensity score, such scores cannot balance participants
within each quintile based on unmeasured covariates.
Further, such scores cannot account for bias due to chance
to the same degree as true randomization."”” Thus, there
may be other covariates that influence athlete presentation
time that our model did not consider, and residual con-
founding may still be present even after stratification by
propensity score. Therefore, our model should first be ex-
ternally validated in an independent sample of adolescent
athletes with SRCs before further comments are made on
its generalizability to this population. Second, the possi-
bility of selection bias in favour of the early group should
be considered. It is possible that athletes who are more
proactive about accessing care may preferentially seek
out concussion management clinics, and be more inclined
to seek earlier treatment. This may partly explain why
significantly more athletes presented early versus late in
our study, and may further limit our findings to this specif-
ic group of proactive athletes.

Directions for future research

Subsequent investigations should focus on identifying
additional patient and/or injury characteristics that may
be associated with early care seeking behaviour among
adolescent athletes. For instance, a recent study by Eagle
et al » reported that cognitive, migraine, and fatigue fac-
tors assessed via the PCSS were the most robust predict-
ors of prolonged recovery for patients presenting within
one week of a SRC, whereas the affective factors were the
most robust predictors of prolonged recovery for patients
presenting within two-to-three weeks of a SRC. Further-
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more, our propensity score should be validated in an in-
dependent sample of adolescent athletes. The above rec-
ommendations will allow for the development of a more
robust propensity score, leading to improved stratification
of participants into quintiles, further minimization of re-
sidual sample bias, and therefore increased confidence in
group similarity before outcome comparisons are made.

Conclusions

This is, to our knowledge, the first study to investigate
patient and injury characteristics associated with time to
presentation for care for SRCs in 12 to 18-year-old ath-
letes. Being male, having a completed pre-injury base-
line assessment, and responding to having a diagnosed
learning disorder were associated with early presentation;
whereas older age and self-reported previous SRCs were
associated with a late presentation. Our propensity score
had a modest ability to balance participants based on pres-
entation time. Further patient and injury characteristics
should be assessed for inclusion in the propensity score,
which then needs to be externally validated before recom-
mending it for use in future research.

Key Points

Question: Which characteristics of adolescent ath-
letes with sport-related concussions (SRC) are associ-
ated with ‘early’ versus ‘late’ presentation to concus-
sion management clinics for multimodal treatment?
Findings: This is a cohort study that included 2949
participants. Male athletes with a completed baseline
assessment are more likely to seek early treatment
following a SRC, and older athletes with a greater
number of previous SRCs are less likely to present
early.

Meaning: Following external validation, our propen-
sity score will be used to examine the impact of treat-
ment timing on adolescent athlete recovery outcomes.
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Appendix 1.
Balance diagnostics for the distribution of covariates on dichotomized early vs. late presentation
based on propensity score quintile stratum.

All (n=2949) Q1 (n=590) Q2 (n=590)
Early Late 2 Early Late 2 Early Late 2
(n=2163) (n="786) X (n=293) (n=297) X (n = 409) (n=181) X
n % n % | p-value| n % n % |p-value| n % n % | p-value
Sex — male 1257 | 58.1 | 402 | 512 [ 00007 | 121 | 413 | 122 | 41.1 09 [ 200 | 489 | 84 | 46.1 0.6
Location — Postal Code
A 24 | 104 | 71| 9000001 | 15| 51| 16| 54 09| 37] 90| 19| 105 0.5
H 46 | 21| 22| 28 10| 34| 10| 34 2] 29 8 | 44
J 125 58| 66| 84 38 | 130 | 33| 111 41 | 100 | 24 | 133
K 140 | 65| 62| 79 25 | 85| 33| 111 4510 11| 12] 66
L 573 | 265 | 171 | 218 43| 147 45 152 9 | 22| 31| 171
M 74| 34| 48] 6.1 38 [ 130 35| 118 18 | 44 9| 49
N 84 | 39| 35| 45 14| 48| 15| 5.1 24| 59 9| 49
P 53 25| 33| 42 16| 55| 24| 8.1 13] 32 4] 22
S 305 | 141 | 89 | 113 19| 65[ 17| 57 36 | 88 | 24| 133
T 166 | 77| 55| 70 2| 75| 15| 51 26| 64| 12| 66
\ 373 | 172 | 134 | 171 53 | 181 | 54 | 182 67 | 164 | 29| 49
Compteted et o1 | 421 | 163 | 207 | <0001 | 18| 61| 23| 77| 04| 18| 44| 1| 61| o4
Hx Anxiety 164 | 76| 69| 88 03| 39| 133] 29| 98 02| 33| 81| 1BB] 72 07
Hx Depression 52| 24| 28] 36| 009| 2| 75| 14| 47 02| 10] 24 9| 50 0.1
Hx Headache 20 10] 11| 14 03 7| 24 6| 20 0.8 4] 10 2| 11 09
Hx Learning Disability
Yes 106 | 49| 43| 55 ]o0001 | 27| 92| 20| 6700003 | 25| 6.1 6| 33| 005
No 1992 | 92.1 | 631 | 803 205 | 700 | 171 | 576 380 | 929 | 169 | 934
Missing 65 | 30| 112 143 61 | 208 | 106 | 357 41 10 6| 33
Hx ADD/ADHD
ADD 29 13] 18| 23] 009 14| 48| 13| 44 09 [3932 | 07 3| 17 06
ADHD 76 | 35| 35| 45 20 | 72| 21| 71 14| 34 6| 33
None 2058 | 952 | 733 | 933 258 | 88.1 | 263 | 886 392 | 958 | 172 | 950
Mechanism of Injury
Basketball 126 | 58| 47| 60 <0001 | 13| 44| 17| 57 08| 28] 69| 11| 61 10
Cheerleading 55| 25] 24| 31 10| 34] 13| 44 14| 34 71 39
Football 23| 99| 58| 74 9| 3.1 9| 30 30| 73 8 | 44
Hockey 916 | 424 | 282 | 359 77| 263 82| 276 134 | 28| 63| 348
Lacrosse 8 | 40| 19| 24 1] 03 3| 10 71 17 3| 17
Martial Arts 39| 18] 24| 31 17] s8] 12] 40 1| 27 8| 44
Other 156 | 72 85| 108 43| 147] 55| 185 46 | 113 ] 18] 99
Ringette so| 23| 17| 22 4| 14 4| 14 2] 29 6| 33
Rugby 128 59| 64 81 46 | 157 ] 32| 108 37 91| 20 111
Skiing so | 27| 41| 52 2109 29| 938 9| 22 3| 17
Soccer 275 | 127 | 102 | 130 350 120 35| 118 66 | 161 | 27 | 149
Volleyball 60 | 28] 23| 29 6| 21 6| 20 15| 37 71 39

ADD/ADHD = Attention Deficit Disorder / Attention Deficit Hyperactivity Disorder; Hx = History; L = Left; LOC = Loss of Consciousness; n = number; PTA = Post Traumatic Amnesia; PTS = Post
Traumatic Seisure; Q1-5 = Quintile 1 through to 5; R = Right; SD = Standard Deviation; SRC(s) = Sport Related Concussion(s); t-test = Two-sided t-test or chi-square (y); = Mean.
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All (n=2949) Q1 (n=590) Q2 (n=590)
Early Late 2 Early Late 2 Early Late 2
(n=2163) | (n=1786) X (n=293) (n=297) X (n = 409) (n=181) X
n % n % |p-value| n % n % |p-value| n % n % | p-value
Location of Impact — Body
front 191 8.8 79 | 10.1 03 36 | 123 39 | 13.1 0.8 47 | 11.5 14 7.7 0.2
rear 218 | 10.1 62 79 0.07 21 72 12 40 0.1 28 6.9 16 8.8 04
left 130 6.0 36 4.6 0.1 9 3.1 10 34 0.8 12 29 8 44 04
right 143 6.6 52 6.6 1.0 20 6.8 17 5.7 0.6 24 59 14 7.7 04
Location of Impact — Head
crown 28 13 12 1.5 0.6 5 1.7 6 2.0 0.8 11 2.7 3 1.7 04
L frontal 436 | 20.2 164 | 209 0.7 55 | 18.8 66 | 222 03 85 | 20.8 37 | 204 0.9
L parietal 97 4.5 45 5.7 0.2 21 72 27 9.1 04 22 54 7 39 04
L temporal 258 | 119 9 | 11.5 0.7 29 99 34 | 115 0.5 51 | 125 19 | 105 0.5
L occipital 468 | 21.6 145 | 18.45 0.06 41 | 140 43 | 145 0.9 69 | 169 33 | 182 0.7
R frontal 545 | 252 199 | 253 09 72 | 246 77 | 259 0.7 93 | 22.7 44 | 243 0.7
R parietal 130 6.0 51 6.5 0.6 20 6.8 19 6.4 0.8 29 7.1 10 55 0.5
R temporal 265 | 123 92 | 11.7 0.7 36 | 123 28 94 03 51| 125 23 | 127 09
R occipital 492 | 22.8 162 | 20.6 0.2 50 | 17.1 50 | 16.8 09 90 22 36 | 199 0.6
LOC
Yes 115 53 55 7 0.17 24 8.2 29 9.8 0.6 25 6.1 10 55 0.96
No 1912 | 884 688 | 87.5 252 | 86.0 255 | 859 362 | 88.5 161 | 88.9
Unsure 136 6.3 43 55 17 5.8 13 44 22 54 10 55
Post Traumatic Amnesia
None 1851 | 85.6 650 | 82.7 0.15 234 | 799 229 | 77.1 0.7 347 | 84.8 153 | 84.5 0.6
Anterograde 162 7.5 69 8.8 29 99 32 | 10.8 36 8.8 13 72
Retrograde 150 6.9 67 8.5 30 | 102 36 | 12.1 26 6.4 15 8.3
PTS
Yes 24 1.1 9.0 12 0.6 3 1.0 3 1.0 09 4 | 098 3 1.7 0.8
No 2103 | 97.2 768 | 97.7 286 | 97.6 290 | 97.6 402 | 983 177 | 97.8
Missing 36 | 1.67 9 12 4 14 4 14 31073 1 {055
X | sD| X | sD pf‘vt;flﬁe X | sD| X | sD pf‘vtgls&e X | sD| X | sD pf‘vt;flﬁe
Age 15.8 1.5 | 16.1 1.5 | <0001 | 164 13| 164 14 09 | 160 14 | 162 14 0.1
Number of Previous SRC 0.6 09 0.7 1.2 0005 1.0 1.3 1.1 1.5 051 069 | 097 | 057 09 0.1

ADD/ADHD = Attention Deficit Disorder / Attention Deficit Hyperactivity Disorder; Hx = History; L = Left; LOC = Loss of Consciousness; n = number; PTA = Post Traumatic Amnesia; PTS = Post
Traumatic Seisure; Q1-5 = Quintile 1 through to 5; R = Right; SD = Standard Deviation; SRC(s) = Sport Related Concussion(s); t-test = Two-sided t-test or chi-square ()*); = Mean.
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Q3 (n=590) Q4 (n=590) Q5 (n=589)
Early Late 2 Early Late 2 Early Late 2
(n = 438) (n=152) x (n=492) (n=98) X (n=531) (n=58) x
n % n % |p-value| n % n % |p-value| n % n % | p-value
Sex — male 253 | 57.8 89 | 58.6 09 | 307 | 624 62 | 633 09 | 376. | 70.8 45 | 776 0.3
Location — Postal Code
A 62 | 142 19 | 125 0.8 58 | 11.8 12 | 122 0.7 52 9.8 5 8.6 0.9
H 5 1.1 3 1.8 13 2.6 1 1.0 6 1.1 0 0
J 19 43 3 2.0 22 4.5 5 5.1 5 09 1 1.7
K 22 50 8 53 20 4.1 5 5.1 28 53 4 6.9
L 141 | 322 48 | 316 27 | 275 | 120 | 244 179 | 33.7 20 | 345
M 2 0.5 2 13 15 3.1 20 20 1 0.2 0 0
N 20 4.6 5 33 10 2.1 2.0 20 16 30 4 6.9
P 6 14 3 20 16 33 2 20 2| 04 0 0
S 77 | 17.6 24 | 15.8 85 | 173 15 | 153 88 | 16.6 9 | 155
T 36 8.2 14 9.2 27 55 11 11.2 55 | 104 3 52
v 48 11 23 | 15.1 106 | 21.5 16 | 163 99 | 18.6 12 | 20.7
Completed et 29| 12| 20| 132 05| 205 600| 52|51 02| 53| 100] 57| 983 0003
Hx Anxiety 33 7.5 19 | 125 0.06 31 6.3 7 7.1 0.8 28 53 1 1.7 0.2
Hx Depression 9 2.1 3 20 1.0 6 12 2 20 0.5 5 09 0 0 0.5
Hx Headache 41 09 3 20 0.3 5 1.0 0 0 03 1 02 0 0 0.7
Hx Learning Disability
Yes 15 34 7 4.6 05 24 4.9 6 6.1 0.6 15 2.8 4 6.9 0.1
No 423 | 96.6 145 | 954 468 95.1 92 93.9 516 | 972 54 93
Missing 0 0 0 0 0 0 0 0 0 0 0 0
Hx ADD/ADHD
ADD 5 1.1 2 1.3 0.8 5 1.0 0 0 0.6 2 04 0 0 09
ADHD 17 39 4 2.6 13 2.6 3 3.1 11 2.1 1 1.7
None 416 95 | 146 96 474 | 96.3 95 | 96.9 518 | 97.6 57 | 983
Mechanism of Injury
Basketball 36 8.2 14 9.2 0.8 26 53 2 2.0 0.5 23 43 3 52 04
Cheerleading 4 0.9 0 0 25 5.1 4 4.1 2 04 0 0
Football 52 | 119 13 8.6 62 | 126 18 | 184 60 | 11.3 10 | 172
Hockey 196 | 44.8 64 | 42.1 198 | 492 38 | 38.8 311 | 586 35 | 60.3
Lacrosse 13 3.0 7 4.6 26 53 2 20 39 73 4 6.9
Martial Arts 4 09 2 13 5 1.0 2 20 2 0.6 1 1.7
Other 15 34 6 40 31 6.3 4 4.1 21 34 2 35
Ringette 14 32 4 2.6 8 1.6 1 1.0 12 23 2 35
Rugby 12 2.7 3 20 32 6.5 8 8.2 1 0.2 1 1.7
Skiing 13 30 9 59 41 08 0 0 1 0.2 0 0
Soccer 60 | 13.7 22 | 145 64 13 18 | 184 50 94 0 0
Volleyball 19 43 8 53 11 22 1 1.0 9 1.7 1 1.7

ADD/ADHD = Attention Deficit Disorder / Attention Deficit Hyperactivity Disorder; Hx = History; L = Left; LOC = Loss of Consciousness; n = number; PTA = Post Traumatic Amnesia; PTS = Post
Traumatic Seisure; Q1-5 = Quintile 1 through to 5; R = Right; SD = Standard Deviation; SRC(s) = Sport Related Concussion(s); t-test = Two-sided t-test or chi-square (y?); = Mean.
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Characteristics of adolescent athletes seeking early versus late care for sport-related concussion

Q3 (n=590) Q4 (n=590) Q5 (n=589)
Early Late 2 Early Late 2 Early Late 2
(n=438) (n=152) « (n=492) (n=98) X (n=531) (n=58) x
n % n % |p-value| n % n % |p-value| n % n % | p-value
Location of Impact — Body
front 32 7.3 11 72 1.0 34 5.8 9 9.2 04 42 7.9 6| 103 0.5
rear 48 11 16 | 105 0.9 50 | 102 8 8.2 0.5 71 | 134 10 | 172 04
left 27 6.2 8 5.3 0.7 31 6.3 5 5.1 0.7 51 9.6 5 8.6 0.8
right 21 48 12 7.9 0.2 40 8.1 5 5.1 03 38 7.1 4 6.9 09
Location of Impact — Head
crown 3071 1 0.7 0.1 5 1.0 1.0 1.0 1.0 4 0.8 1 1.7 04
L frontal 9 | 226 29 | 19.1 04| 103 | 209 14 | 143 0.1 94 | 177 18 | 310 0.01
L parietal 16 3.7 4 2.6 0.5 20 4.1 4 4.1 1.0 18 34 3 52 0.5
L temporal 51 | 11.6 18 | 118 09 53 | 10.8 12 | 122 0.7 74 | 139 7| 121 0.7
L occipital 103 | 235 34 | 224 08 | 116 | 23.6 23 | 235 1.0 | 139 | 262 12 | 207 04
R frontal 119 | 272 40 | 263 08 | 131 | 266 19 | 194 0.1 | 130 | 245 19 | 328 02
R parietal 23 53 12 79 0.2 32 6.5 6 6.1 0.9 26 49 4 6.9 0.5
R temporal 49 | 112 23 | 151 0.2 57 | 116 10 | 102 0.7 72 | 13.6 8 | 138 0.1
R occipital 111 | 253 34 | 224 05| 104 | 21.1 29 | 29.6 007 | 137 | 25.8 13 | 224 0.6
LOC
Yes 32 7.3 10 6.6 0.7 14 2.9 3 3.1 0.8 20 34 3 52 0.6
No 380 | 88.8 | 134 | 882 443 | 90.0 86 | 87.8 466 | 87.8 52 | 897
Unsure 17 39 8 53 35 7.1 9 9.1 45 8.5 3 6.2
Post Traumatic Amnesia (PTA)
None 367 | 838 | 132 | 86.8 06 | 430 | 874 84 | 85.7 0.6 | 473 | 89.1 52 | 89.7 0.5
Anterograde 37 8.5 11 72 27 5.5 8 8.2 33 6.2 5 8.6
Retrograde 34 7.8 9 59 35 7.1 6 6.1 25 42 1 1.7
Post Traumatic Seisure (PTS)
Yes 5 1.1 1 0.7 0.5 7 14 0 0 0.09 5 09 2 35 0.2
No 430 | 982 | 151 | 99.3 481 | 97.8 95 | 96.9 504 | 949 55 | 94.8
Missing 3 0.7 0 0 4 0.8 3 3.1 22 4.1 1 1.7
X | sD| X | sD pf'vflsfle X | sD| X | sD pf‘vtjlsse X | sD| X | sD pf'vflsfle
Age 15.8 14| 155 1.6 0.07 | 156 16 | 158 14 03| 155 14| 156 12 0.6
Number of Previous SRC 04 0.8 0.5 0.8 04 0.6 0.9 05 0.9 0.6 04 0.6 0.6 0.8 0.02

ADD/ADHD = Attention Deficit Disorder / Attention Deficit Hyperactivity Disorder; Hx = History; L = Left; LOC = Loss of Consciousness; n = number; PTA = Post Traumatic Amnesia; PTS = Post
Traumatic Seisure; Q1-5 = Quintile 1 through to 5; R = Right; SD = Standard Deviation; SRC(s) = Sport Related Concussion(s); t-test = Two-sided t-test or chi-square ()*); = Mean.
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Objectives: To investigate the degree of knowledge North
American chiropractors have in regards to concussion
diagnosis and management.

Methods: A Concussion Knowledge Assessment Tool
(CKAT) survey was administered to North American
chiropractors through SurveyMonkey.com. This survey
was sent to all practicing members of the American
Chiropractic Association (ACA) and Canadian
Chiropractic Association (CCA).

Results: 1321 surveys were completed and analyzed
(response rate of 3.3%). The average score of the CKAT
amongst North American Chiropractors was 4.82 out
of 9. Using our modified scoring method, chiropractors
scored 39.44 out of 48.

Conclusions: North American chiropractors who
participated in this study demonstrated concussion
knowledge and management using the CKAT tool.

Connaissances des chiropraticiens nord-américains sur la
commotion cérébrale

Objectifs : Examiner le degré de connaissances des
chiropraticiens nord-américains sur le diagnostic et la
prise en charge de la commotion cérébrale.

Méthodologie : On a effectué un sondage sur I’outil
d’évaluation des connaissances sur la commotion
cérébrale aupreés de chiropraticiens nord-américains
par SurveyMonkey.com. Ce sondage a été envoyé a tous
les membres en exercice de I’American Chiropractic
Association (ACA) et de I’ Association chiropratique
canadienne (ACC).

Résultats : 1 321 personnes ont répondu au
questionnaire (taux de réponse de 3,3 %). Le score
moyen obtenu chez les chiropraticiens nord-américains
était de 4,82 sur 9. En utilisant notre méthode de
notation modifiée, les chiropraticiens ont obtenu un
score de 39,44 sur 48.

Conclusions : Les chiropraticiens nord-américains
qui ont participé a cette étude ont montré qu’ils avaient
des connaissances sur la commotion cérébrale et qu’ils
utilisaient I’outil d’évaluation pour la prise en charge.
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Further investigation is recommended in order to
address learning gaps and updating the CKAT based on
current literature and guidelines.

(JCCA. 2021;65(3):275-291)

KEY WORDS: chiropractic, concussion, diagnosis,
knowledge, management, North America

On recommande de poursuivre les recherches afin de
combler les lacunes en matiére d’apprentissage et de
mettre a jour ’outil d’évaluation en fonction de la
documentation et des lignes directrices actuelles.

(JCCA. 2021;65(3):275-291)
MOTS CLES : chiropratique, commotion cérébrale,

diagnostic, connaissances, prise en charge, Amérique du
Nord

Introduction

Harmon et al.' describe concussion as, ...a traumatic,
transient disturbance of brain function that involves a
complex pathophysiological process. Concussion is con-
sidered a subset of mild traumatic brain injury (mTBI)
and a condition whose symptoms cannot be explained
by drugs, alcohol, medication use or other injuries”. This
type of injury to the brain presents in an array of different
symptoms, including headaches, irritability, drowsiness,
dizziness, as well as neurological signs.> The expected
recovery in the majority of adults (age 19 and above) is
about two weeks, whereas in children (age 18 and under)
it is about four weeks.? However, not all resolve in this
way, and it is essential that chiropractors know how to
manage these types of cases.

The research on chiropractors’ knowledge of concus-
sions is limited, however, research on the topic is ongoing.
Kazemi, Bogumil and Vora® found that sports chiroprac-
tors have the skills and knowledge to correctly manage
concussion patients. Kazemi et al.* also found that fourth
year chiropractic interns and postgraduate chiropractic
specialty college residents earned scores that are compar-
able to fourth year medical students and residents. The re-
searchers noted that there are some knowledge gaps with
both chiropractic and medical students when it comes to
recognizing concussions.

Evaluation tools

Several methods are used to help recognize concussions
in patients. In combination with a thorough history and
physical examination, there are several diagnostic tests
utilized for concussion recognition. The Glasgow Coma
Scale (GCS) differentiates a mild traumatic brain injury
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from a severe traumatic brain injury and defines level of
consciousness for all types of acute medical and trauma
victims.?>® The GCS score is only one component which
may differentiate between TBI subtypes. The Head Injury
Severity Scale (HISS) is based on the GCS and is used to
grade severity of traumatic brain injuries, also including
recommendations based on presence of confounding fac-
tors.>® The Sport Concussion Assessment Tool 5 (SCATS)
is a sideline concussion diagnostic tool used to determine
whether a concussion occurred in an athlete aged 13 and
above. Itis atool to aid in clinical decision-making regard-
ing sideline concussion presentation. SCATS includes an
immediate, on-field assessment of cognitive, neurologic-
al, and physical function. The SCATS was developed to
include the GCS. For athletes 12 years old and below, the
Child SCATS is used.’

Current best practice recommendations

Best practice guidelines for treating concussions revolves
around initial relative rest from physical and cognitive
activities to prevent further injury and prevent second
impact syndrome.” However, complete bed rest and com-
plete cognitive rest are not recommended.” After relative
rest, an eventual return to activity plan comes into action
to ensure that the affected patient can function normally
without any concussion symptoms.® Among medical
professionals there is a noted variability in concussion
treatment leading to a subpar treatment plan for concus-
sion patients. Zemek et al.” surveyed Canadian paediat-
ric emergency doctors in regards to their knowledge and
treatment of concussion. Despite 89% of these emergency
physicians diagnosing 20+ concussions per year, only
64% of these physicians implemented proper return-to-
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play guidelines.” Cognitive rest from concentration activ-
ities which aggravate concussion symptoms was not pre-
scribed as frequently as recommended per best practice
guidelines.’

Health care practitioner education

It has been stated in the literature that there are gaps in
knowledge in regards to concussions. This trend is seen
in medical doctors, chiropractors, medical students and
residents, chiropractic students and residents, physiother-
apists, occupational therapists, athletic trainers, pedia-
tricians and neurology and neurosurgery residents.>#710
Donaworth et al.!! stated that many of the American med-
ical students who took part in their survey reported never
having any formal lectures about concussions. They also
reported that they did not have adequate clinical experi-
ence dealing with concussions. This has resulted in an
inability to recognize symptoms, diagnose and manage
concussions effectively.! Interestingly, Burke er al.'* sur-
veyed Canadian medical schools in 2012 and found that
only four schools out of the fourteen who participated in
the survey included concussion related information in
the curriculum. Six included information about gener-
al head injuries in the curriculum and four did not have
any concussion information in the curriculum. Four med-
ical schools did not participate in the study.'” Mathieu,
Ellis and Tator in a follow-up study of the same fourteen
Canadian medical schools, received responses from 13
Canadian medical schools. Eleven of those 13 schools re-
ported providing concussion-specific education and all 13
respondents offered head injury education which included
a concussion component. Two Canadian medical schools
as part of this study did not provide any training in con-
cussion diagnosis, prognosis or management."* Salisbury
et al."’ surveyed concussion knowledge among 561 re-
habilitation professionals including physiotherapists,
occupational therapists and athletic trainers in America.
They found that although these professionals were able to
identify the basics of how concussions present, there was
a large variability when it came to diagnosis, prognosis
and recovery duration of a concussed patient, potentially
leading to suboptimal care.!”"* Physiotherapists scored on
average 63.7% (n=252), occupational therapists scored
on average 57.4% (n=47) and athletic trainers scored on
average 72.1% (n=112) correct responses for their survey.
They did not use the concussion knowledge assessment
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tool developed by Boggild and Tator’ for their study.
Their survey was designed using information from the
fourth International Conference on Concussion in Sport
as well as from six neuropsychologists and a literature
search on concussion. Their survey featured two sections
totalling 20 questions clarifying the health care practition-
er’s experiences with concussion in the first section and
knowledge on concussion diagnosis, treatment and recov-
ery in the second section.'* Keenan, Bratton and Dixon"
surveyed pediatricians’ understanding of concussion and
found that many pediatricians were unaware of potential
long-term consequences of concussion. Over one-third of
pediatricians surveyed were unsure of possible attention
difficulties as a result of complications from a concus-
sion.”” They did not use the concussion knowledge as-
sessment tool developed by Boggild and Tator® for their
survey. Boggild and Tator surveyed fourth year medical
students, neurology and neurosurgery residents in 2010
using the original version of the CKAT they designed.’
They found that more than half of the residents sampled
were not able to identify post-concussion syndrome and
chronic traumatic encephalopathy as potential long-
term consequences of concussion.” Fourth year medical
students scored on average 4.2 out of 9 whilst residents
scored on average 5.8 out of 9 on the CKAT.? Transfer
of knowledge is necessary to fill this gap and improve
correct diagnosis and management of concussions. To the
authors’ knowledge, there has not been any investigation
into North American Chiropractors’ level of concussion
knowledge. As such, the aim of this study was to investi-
gate the actual and self-ranked level of concussion know-
ledge with regards to diagnosis and management among
North American chiropractors.

Methods

Study design

We conducted a cross-sectional study of all currently
practicing North American chiropractors within the Can-
adian Chiropractic Association (CCA) and American
Chiropractic Association (ACA), during the Spring of
2019. The CCA and ACA members received three emails
over the month of March 2019.

Participants and recruitment
Three groups of participants were contacted for this study:
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English speaking chiropractors who were members of the
ACA, English speaking chiropractors who were members
of the CCA and French speaking chiropractors who were
members of the CCA. Participants were recruited via an
email sent by ACA and CCA to their current practicing
chiropractors. Participants were emailed a SurveyMon-
key link that led to our survey. A total of 40,580 surveys
were sent to the three groups of participants.

Measures

A 30-question survey originally created by Boggild and
Tator® which was modified for a chiropractic population
by Kazemi et al®* was uploaded to SurveyMonkey. The
survey consisted of three sections. Section 1 consisted
of eleven questions and collected information on demo-
graphic data of the participant, chiropractic education and
lifestyle. Section 2 consisted of nine questions and col-
lected information on concussion knowledge and manage-
ment. Section 3 consisted of ten questions and collected
information on past learning experiences on concussions
and preferred learning formats.

Changes to the original survey by Boggild and Tator’
included modifications to the language used in the ques-
tions to make the survey more applicable to a chiropractic
population.® For example, question 2 was modified from
originally asking, “what medical school...” to “what
chiropractic college...”. Question 18, “what is the appro-
priate management of concussion? Select all that apply”,
a response option was changed from “every concussed
individual should see a physician™ to “every concussed
individual should see a healthcare professional”. Ques-
tion 19, “what are some ‘red flags’ that may predict the
potential for more prolonged symptoms and may influ-
ence your investigation and management of concussion?
Select all that apply?”, response “age” was changed to
“younger age” in order to avoid ambiguity. The complete
questionnaire is available within Appendix 1.

The main outcome measure of interest from this sur-
vey came from the information collected in section 2;
which measured the knowledge of concussion manage-
ment of the participant- Concussion Knowledge Assess-
ment Tool (CKAT). Original scoring of the CKAT as de-
scribed by Boggild and Tator® involves scoring section 2
from 0 to 9 with each question in section 2 being worth
one point. Question 15, 18, 19 and 20 involves select-
ing the multiple correct answers and not selecting any
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of the incorrect answers in order to be awarded a point
for that question. For example, question 18 consists of
ten possible responses with six of those being correct re-
sponses. In order to be awarded a correct response for
that question, the six correct responses must be chosen
and none of the incorrect responses can be chosen. For
this study, an alternative scoring method was utilized
where one point is possible for each of the compound
questions. Responses are recorded as either correct or in-
correct, the correct responses were then summed. This
yielded a scoring range of 0 to 49, opposed to the ori-
ginal method of scoring O to 9. The revised method of
scoring the CKAT is favorable as it shows fair test-retest
reliability opposed to the original having poor test-retest
reliability. Utilizing the old scoring method of 0 to 9 re-
sulted in an intra-class correlation coefficient of test-re-
test reliability of 0.56 whilst the new scoring method of
0 to 49 yielded an intra-class correlation coefficient of
test-retest reliability of 0.68 when comparing first year
chiropractic students, fourth year chiropractic interns
and sport chiropractic Fellows of the Royal College of
Chiropractic Sports Sciences (Canada) [FRCCSS(C)].!
However, when implementing the Survey Monkey, ques-
tion 12 which asks “Which of the following is a sign or
symptom of a concussion? Select all that apply.”, verti-
go and amnesia were set as one correct response instead
of being separate correct answers. As such, our alterna-
tive scoring range became 0-48 instead of 0-49. Another
measure from this survey, included in our study, was
in section 3 where participants were asked to self-rank
their knowledge about concussions on a scale of O to 10.
In this instance with O representing inadequate and 10
representing completely adequate.

Analysis

Descriptive statistics were used to summarize the data.
Counts and percentages were used for categorical vari-
ables and means and standard deviations were used for
continuous variables. CKAT scores were quantified using
boxplots, means and 95% confidence intervals (CI).
Scatterplots and Pearson correlation coefficients (r) with
95% CI were utilized to compare participants self-re-
ported rank of concussion knowledge to their CKAT
score. CKAT data was collected to represent all North
American chiropractors and to compare American trained
chiropractors against Canadian trained chiropractors. The
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analysis for this study was generated using SAS software
vo 4.

Sample size
This study planned for all current practicing members of
the ACA and CCA.

Ethics

The authors of this study were blinded to the names of
the participants or any identifying information of the par-
ticipants since the members were contacted by ACA and
CCA via email. This study was approved by the research
ethics board of Canadian Memorial Chiropractic College.

Results

Atotal of 40 580 surveys were emailed out to current prac-
ticing members of the ACA and CCA in March of 2019.
1321 completed surveys were returned yielding a 3.3%
response rate. 1184 respondents were English speaking
chiropractors and 118 respondents were French speaking
chiropractors. 748 respondents graduated from American
Chiropractic colleges and 573 respondents graduated
from Canadian Chiropractic colleges. The average for
concussion knowledge of North American chiropractors
was 4.82 out of 9 on the original CKAT and 39.44 out of
48 on the revised CKAT.

In the concussion knowledge section of the survey,
English speaking chiropractors scored an average of 4.88
standard deviation (SD = 1.20); 95% confidence interval
(95% CI =4.82-4.95) and an average of 39.54 (SD =3.40;
95% CI = 39.35-39.73) for original and revised scoring
respectively. English speaking chiropractors self-ranked
their concussion knowledge an average of 6.29 out of 10,
(SD =1.87;95% CI = 6.18-6.40). French speaking chiro-
practors scored an average of 4.18 (SD =1.14; 95% CI =
3.98-4.39) and an average of 38.40 (SD = 3.40; 95% CI
= 37.78-39.01) respectively. French speaking chiroprac-
tors self-ranked their concussion knowledge an average
of 6.01 out of 10, (SD =1.68; 95% CI = 5.70-6.31).

American educated chiropractors scored an average of
4.72 (SD = 1.22) and an average of 39.38 (SD = 3.37) re-
spectively. American educated chiropractors self-ranked
their concussion knowledge an average of 6.26 out of
10, (SD = 1.95). Canadian educated chiropractors scored
an average of 4.65 (SD = 1.17) and an average of 39.33

J Can Chiropr Assoc 2021; 65(3)

M Kazemi, KR Deoraj, M Hiemstra, LK Santiago

Table 1.
Self ranking and scores of concussion knowledge by
graduates of various chiropractic colleges across North

America
School N (Soel{{-‘l)lfail(:; CKngigSiggl!ing CKﬁ%vésceodring
Mean | etiaton | M3 | Deviation | M9 | Deviaion
CMCC 578 | 621 180 | 497 117 3958 | 339
Life 471 628 | 220 | 451 130 3902 | 3.1
Logan 40| 624 | 217 | 473 118 3950 | 327
NYCC 68| 598 | 186 | 457 107 |3938| 293
NUHS 48| 634 | 198 | 4388 141 | 3883 | 345
NWHSU 70| 603 164 | 496 | 128 [4027| 345
Palmer 155 | 6.41 190 | 474 | 119 [3890| 379
Parker 36| 651 | 208 | 461 120 |3936| 334
UQTR 78| 605 173 | 433 116 | 3909 | 283
Uws 108 | 627 175 | 480 | 109 [3980| 293

Legend: Canadian Memorial Chiropractic College (CMCC), New York Chiropractic College
(NYCC), National University of Health Sciences (NUHS), Northwestern Health Science
University (NWHSU), Université du Québec a Trois-Rivieres (UQTR) and University of Western
States (UWS)

(SD =3.11). Canadian educated chiropractors self-ranked
their concussion knowledge an average of 6.18 out of 10,
(SD =1.77). Male chiropractors scored an average of 4.87
(SD =1.22; 95% CI = 4.8-5.0) and an average of 39.41
(SD = 3.56; 95% CI = 39.17-39.66). Whereas female
chiropractors scored an average of 4.74 (SD = 1.19; 95%
CI =4.63-4.84) and an average of 39.48 (SD =3.17;95%
CI =39.20-39.75).

The chiropractic colleges which were a part of this
study are as follows: Canadian Memorial Chiropractic
College (CMCC), Life, Logan, New York Chiropractic
College (NYCC), National University of Health Sci-
ences (NUHS), Northwestern Health Science Univer-
sity (NWHSU), Palmer, Parker, Université du Québec a
Trois-Rivieres (UQTR) and University of Western States
(UWS). Table 1 summarizes the self-rank and scoring for
each school.

Higher education degrees for the purpose of this study
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Figure 1.

Self-ranking of concussion knowledge by graduates of
various chiropractic colleges across North America.
Canadian Memorial Chiropractic College (CMCC),

New York Chiropractic College (NYCC), National

University of Health Sciences (National), Northwestern

Health Science University (Northwestern), Université

du Québec a Trois-Rivieres (UQTR) and University of

Western States (Western)

were limited to MSc and PhDs. Chiropractors of recog-
nized residencies and Fellowships were also ranked in
separate categories. Table 2 summarizes the concussion
knowledge of chiropractors who completed higher edu-
cation (MSc and PhDs), chiropractic residency and chiro-
practic Fellowship showing self-rank, original CKAT
scoring and revised CKAT scoring. Chiropractors who
completed a Fellowship in sport, rehabilitation, or neur-
ology performed the best, scoring 5.24 (SD = 1.27) on
the original scoring for the CKAT, 40.46 (SD = 3.27) on
the revised scoring for the CKAT, and self-ranked their
concussion knowledge an average of 7.63 out of 10, (SD
= 1.59). The group that performed the poorest was chiro-
practors who were not complete Fellows, scoring 4.79
(SD =1.20),39.36 (SD = 3.43) on the revised scoring for
the CKAT, and self-ranked their concussion knowledge
an average of 6.15 out of 10, (SD = 1.85).

Table 3 summarizes North American Chiropractors’
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Table 2.
Concussion knowledge of chiropractors who completed
higher education (MSc and PhDs), chiropractic
residency and chiropractic Fellowship.

Level of Education Self-Rank Original Revised
(out of 10) CKAT Scoring | CKAT Scoring
Standard Standard Standard
sl Deviation sl Deviation s Deviation
Higher Education
(MSc, PhDs) 6.38 1.82 4.87 1.16 39.52 321

No Higher Education | 6.25 1.86 481 121 39.42 3.44

Chiropractic Residents | 6.76 203 492 1.26 39.88 257
Wit 625 | 186 | 482 | 121 |[3942| 343
Residency

Chiropractic Fellows 7.07 1.77 5.05 1.25 39.93 3.30
No Chiropractic

Fellowship 6.15 1.85 4.79 1.20 39.36 343
Chiropractic

Fellows in Sport,

e it e 7.63 1.59 5.24 127 40.46 327
Neurology

Legend: CKAT Concussion Knowledge Assessment Tool, SD = Standard deviation

preferred methods of learning, showing self-rank, origin-
al CKAT scoring and revised CKAT scoring. Chiroprac-
tors who preferred pamphlet-based learning self-ranked
the lowest with a mean of 5.83 out of 10, (SD = 1.56),
whereas chiropractors who preferred seminars or work-
shops self-ranked the highest with a mean of 6.38 out
of 10, (SD = 1.85). Chiropractors who preferred letters
scored the lowest on the original and revised CKAT with
a mean score of 4.07 (SD = 1.22) and 37.40 (SD = 5.89),
respectively. Chiropractors who preferred seminars and
workshops scored the highest on the original and revised
CKAT with a mean score of 4.88 (SD = 1.22) and 39.57
(SD =3.41), respectively.

Female chiropractors self-ranked their concussion
knowledge an average of 6.02 out of 10, (SD =1.87; 95%
CI=5.86-6.19) and scored an average of 4.74 (SD =1.19;
95% CI = 4.63-4.84) and 39.48 (SD = 3.17; 95% CI =
39.20-39.75), whereas male chiropractors self-ranked
their concussion knowledge an average of 6.42 out of 10,
(SD = 1.84; 95% CI = 6.29-6.54) and scored an average
of 4.87 (SD=1.21;95% CI =4.79-4.96) and 39.41 (SD =
3.56; 95% CI = 39.17-39.66).

Those who participated in contact sports self-ranked
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Table 3.
North American Chiropractors’ preferred methods of
learning — self-rank, original CKAT and revised CKAT

scores
N Self-Rank Original Revised
Preferred (out of 10) CKAT Scoring CKAT Scoring
method
of learning Standard Standard Standard
e Deviation s Deviation e Deviation

Informational
E-mail 190 | 593 1.82 471 1.17 39.16 3.18

e 131 605 | 190 | 474 | 106 |3948| 332
Letter 15| 587 | 261 |407| 122 |3740| 589
Pamphlet 30(58 | 156 | 420| 110 [38.10| 346
S o 936| 638 | 185 | 488 | 122 |3957| 341
workshop

Legend: CKAT Concussion Knowledge Assessment Tool

their concussion knowledge higher than those who did
not participate in contact sports. Non-contact sport par-
ticipants self-ranked their concussion knowledge an aver-
age of 5.64 out of 10, (SD =1.94;95% CI = 1.74-2.2) and
scored an average of 4.56 (SD = 1.21; 95% CI = 1.10-
1.36) and 39.00 (SD =4.17; 95% CI = 3.74-4.72). Contact
sport participants self-ranked their concussion knowledge
an average of 6.34 out of 10, (SD = 1.83; 95% CI =1.76-
1.91) and scored an average of 4.85 (SD = 1.20; 95% CI
=1.16-1.25) and 39.50 (SD =3.31; 95% CI = 3.18-3.45).
Using the original and revised CKAT scoring method,

Table 4.
Number of concussions and
Chiropractors’ reported self-rank,
original CKAT and revised CKAT scores

Self-Rank Original Revised
Number of (out of 10) CKAT Scoring | CKAT Scoring
D e o] R e v
0 6.01 1.94 471 1.19 39.12 3.61
1 6.34 1.77 483 1.27 39.56 3.36
2-5 647 1.80 492 1.16 39.66 321
>5 7.11 1.37 5.30 1.13 40.63 2.68
Legend: CKAT Concussion Knowledge Assessment Tool
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chiropractors who participated in contact sports per-
formed better than chiropractors who did not participate
in contact sports. It is important to note that the sample
size of chiropractors who participated in contact sports
was much larger than the sample size of chiropractors
who did not participate in contact sports — 1176 and 145
respectively.

Discussion

The purpose of this study was to investigate the extent
of knowledge that North American chiropractors have
regarding concussion diagnosis and management, and to
identify any knowledge gaps present. The study popula-
tion was large (n = 40 580); however, the response rate
was low (n = 1321 respondents: 3.3%). From the pool of
respondents, 506 identified as male (38%), and 815 iden-
tified as female (62%). When comparing both groups’
knowledge of concussions, they performed similarly
using both the original and revised CKAT scoring meth-
ods.

Results from our study were compared to previous stud-
ies which have utilized the CK AT to compare against other
healthcare practitioners to identify areas where chiroprac-
tors excel and where they are deficient in managing a con-
cussed patient. Section 1 involved asking the definition
of a concussion and the mechanisms of concussions. The
majority of chiropractors were able to correctly identify
the characteristics of concussions. These findings suggest
that the chiropractors who participated in this study have
concussion knowledge similar to other healthcare practi-
tioners who have taken the CKAT and are possible first
contact practitioners to a concussed patient.

In the second section, chiropractors were asked to
correctly identify symptoms of concussion. Chiroprac-
tors’ scores varied and showed lower scores compared
to section 1. This trend is common among other health-
care fields, including medical residents, medical students,
chiropractic interns and chiropractic residents.>**!" Sport
chiropractors scored the highest amongst all healthcare
fields mentioned above.? Section 3 asked about manage-
ment of concussions. Results were similar to those in sec-
tion 2, where all healthcare fields showed a decrease in
scores except for the sport chiropractor population.®#!!

English-speaking chiropractors self-ranked high-
er compared to French-speaking chiropractors. When
comparing the self-ranking scores and original CKAT

281



Concussion knowledge among North American chiropractors

scores, all chiropractors self-ranked higher than their ac-
tual scores, with English-speaking chiropractors having
higher scores. English speaking chiropractors also scored
higher on the revised CKAT than the original CKAT when
compared to their French-speaking counterparts. It is un-
known whether the higher scores in the English-speaking
population are due to increased concussion knowledge or
merely due to the accuracy of the translation of the survey
from English to French, resulting in poorer scores in the
French-speaking population in self-rank, original CKAT
and revised CKAT scores. To the authors’ knowledge no
other study has compared these two groups.

All schools’ graduates self-ranked their concussion
knowledge similarly and scored similarly using the ori-
ginal CKAT scoring method. Using the revised CKAT
scoring method, graduates of NWHSU scored the best (40
out of 48), followed by CMCC, Life, Logan, NYCC, Par-
ker, UWS, and UQTR all scoring 39 out of 48. Graduates
of NUHS and Palmer scored 38 out of 48. To the authors’
knowledge no other study has investigated this in the past.

133 respondents reported that they hold an advanced de-
gree (MSc or PhD). Chiropractors who hold an advanced
degree only scored slightly higher on the original and re-
vised CKAT scoring methods, when compared to chiro-
practors who do not hold an advanced degree. One pos-
sible explanation for the similarity between groups could
be linked to the fact that their advanced degrees were not
related to learning that involved concussion education.

In Canada, available residencies include Clinical Sci-
ences, Diagnostic Imaging, and Sports Sciences programs
offered at the Canadian Memorial Chiropractic College."”
In the United States, Radiology and Rehabilitation resi-
dency programs are available at multiple colleges. The
Clinical Sciences residency offered by CMCC is a two
year program focusing on advanced clinical knowledge
and critical thinking, through interactive experiences, in
a multidisciplinary environment. CMCC’s Sports Sci-
ences two year residency program involves thorough
academic and clinical preparation for the participation in
a multidisciplinary sports injury care environment. The
Canadian Diagnostic Imaging residency program follows
a three year curriculum guided by the American College
of Chiropractic Radiology."” Similarly, the American
radiology residency features a three year curriculum of
in-depth diagnostic imaging, where residents are eligible
for the examination by the American Chiropractic Board
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of Radiology (DABCR)." The Rehabilitation residency
features a three year intensive clinical experience with a
focus on neuromusculoskeletal rehabilitation in an inter-
disciplinary setting, where residents are eligible for the
Diplomate in Chiropractic Rehabilitation (DACRB)."”

Once again, North American chiropractic residents
were found to have nearly the same concussion knowledge
as those not enrolled in a residency program with residents
scoring slightly higher compared to non-residents. Chiro-
practic residents in our population of study scored 4.92
out of 9 on the original scoring and 39.88 out of 48 on
the revised scoring; comparatively in a previous study
by Kazemi et al.* Canadian chiropractic residents scored
5.25 out of 9. In the study by Kazemi er al.* the residents
surveyed were only from Canadian Memorial Chiroprac-
tic College and were not indicative of the entire North
American population of chiropractors and residents from
different chiropractic institutions across Canada and the
United States. In a study by Boggild and Tator’, neurol-
ogy and neurosurgery residents scored 5.8 out of 9. The
difference in scores can be attributed to the differences in
population between their study and ours. In their study,
neurosurgery and neurology residents were found to be
more likely to have experience treating patients with con-
cussions and similar brain injuries. In our study, chiro-
practic residents include those who are clinical science,
rehabilitation, radiology, orthopaedics and neurology;
some of whom have differing experiences with seeing
concussed patients.

Chiropractic Fellows in rehabilitation, sport sciences
and neurology are graduates from programs that poten-
tially cover concussion and brain injuries topics in more
details than other programs. Furthermore, these Fellows
may also see more concussed patients in their practices.
Sport sciences programs are available in Canada, while
rehabilitation and neurology are offered in the United
States."” These fellows scored 5.24 out of 9 on the original
scoring and 40.46 out of 48 on the revised scoring, con-
siderably higher than other sub-populations analyzed for
this study. Compared to the rehabilitation, sport sciences
and neurology residents, the neurology and neurosurgery
residents in the study by Boggild and Tator scored 5.8 out
of 9 on the CKAT.’ This elevated score can possibly be
attributed to the fact that both respective fields have more
education dealing with conditions pertaining to head
trauma and concussion. Surveying sports chiropractors

J Can Chiropr Assoc 2021; 65(3)



M Kazemi, KR Deoraj, M Hiemstra, LK Santiago

Table 5.
Concussion survey results comparison
Current Kazemi Donaworth Kazemi Kazemi Boggild Boggild
study 2017 2016 2016 2016 2012 2012
North American Sports Medical Chiropractic | Chiropractic Medical Medical
Chiropractors | Chiropractors® [ Students' Interns* Residents* Students’ Residents’

Mean Overall Score 4.82 5.57 NS 52 525 4.1 58
Correctly identified that less than 1/3 of all
concussions involve LOC 85% 95% 60% 5% NS 66% NS
Correctly identified that a whiplash effect to the
brain caused by an impact to any part of the body 86% 100% 68% 100% 100% 67% 76%
may cause a concussion
Correctly answered that a concussion is a
brain injury with no abnormalities on structural 84% 93% 84% 98% NS 94% 100%
neuroimaging
Correctly identified that it is only necessary to have 2% 849 379 64% 50% 60% 2%
one or more symptoms to diagnose a concussion ¢ ¢ ¢ ¢ ¢ ¢ ¢
Correctly recognized chronic traumatic
encephalopathy as long-term consequences of 67% 80% 56% 50% 50% 52% 52%
repetitive concussive injury
Correctly recognized that second impact syndrome
are consequences of recurrent concussions 41% 95% 86% 43% 43% 43% 43%
Believed that every concussed individual should
see a physicians as appropriate management of 81% 55% 73% 64% NS 76% 76%
concussion
Legend: NS — not explicitly stated in article.

solely, they scored the highest among chiropractors with
a score of 5.57 out of 9.

In a study by Salisbury et al.'® assessing concussion
knowledge among rehabilitation staff across US hospi-
tals, a general trend was found that rehabilitation profes-
sionals were able to accurately recognize some signs of a
concussion, however, there was a great deal of variability,
and thus lack of consistency, when it came to best care,
recovery and long-term consequences of concussions.
Consistent with our research, chiropractors were able to
correctly identify concussions in patients and variability
in answers when queried about the nuances of managing
these patients. These findings suggest that chiropractors
are capable of being a source of first line care for patients
who have suffered a concussion.

Self-rank of concussion knowledge increased with the
amount of concussions that the chiropractor experienced.
The same pattern can be seen with the scores of the origin-
al and revised CKAT, where chiropractors who have had
no prior concussion scored poorest and chiropractors who
have suffered more than five concussions performed the
best. It can be theorized that chiropractors who themselves
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have suffered concussions have sought out a better under-
standing of concussions as a result of their injury which
could account as to why with increased amount of concus-
sions, self-rank and CKAT scores increased subsequently.

Chiropractors who indicated that they participated in
contact sports self-ranked their knowledge of concus-
sions higher than those who indicated that they did not
participate in contact sports. Chiropractors who indicat-
ed that they participated in contact sports outperformed
those who did not in both original and the revised CKAT
scoring method. This finding suggests that chiropractors
who participated in contact sports were further exposed to
concussion knowledge due to inherent risk of concussion
in these sports. It is reasonable to assume that chiroprac-
tors who have not had personal experience or experience
assessing/treating concussions may have been less like-
ly to participate in this survey or may have scored lower
compared to other clinicians.

Table 5 demonstrates the results of this study and other
studies which used CKAT.? Several knowledge gaps were
presented by chiropractors who participated in this study.
Only 52% of chiropractors correctly identified that it is
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necessary to have a minimum of one symptom to diag-
nose a concussion, 67% correctly recognized chronic
traumatic encephalopathy as a long-term consequence
of repetitive concussive injury and 47% correctly recog-
nized that second impact syndrome is a consequence of
recurrent concussions. Interestingly, low scores in these
categories were reported in all populations who took the
CKAT except sport chiropractors who scored the highest
amongst North American chiropractors, medical students,
chiropractic interns, chiropractic residents and medic-
al residents.” This result may be due to the limitations
of observational studies and the lack of a consensus on
causal association between mTBI and neurodegenerative
disease. As such, the removal of Parkinsonism, chronic
traumatic encephalopathy and dementia from question 18
is recommended.

Individuals who preferred lecture-based learning and
seminar/workshops scored higher on the original and
revised CKAT scoring method, scoring 4.88 and 39.57
in their respective categories. Individuals who attended
seminar/workshops self-ranked the highest compared to
all other preferred methods of learning. This could be due
to increased adherence and participation during lectures
and seminars/workshops. In a previous study by Kazemi
et al ? assessing the concussion knowledge of sport chiro-
practors, their preferred learning method was seminar or
workshops where they achieved a CKAT score of 5.57.
Comparing this study and our study, it is possible that
seminars and workshops promote an environment where
learning about concussions occurs the most. In a study by
Boggild and Tator’, when querying fourth year medical
students, neurosurgery and neurology medical residents,
their preferred learning methods were workshops or sem-
inars with 43% (n = 33) of their respondents preferring
workshops or seminars for learning about concussions. In
their study, they did not show a score of how those who
preferred seminars/workshops scored on the CKAT. They
did find, however, that those who self-ranked their ability
to manage concussed patients lower also performed worse
on the CKAT.’ This possibly suggests that this population
recognizes that their ability to manage concussed patients
is lackluster and seek out an evidence-based treatment for
their patients.?’ Perhaps the most effective way for health-
care practitioners to learn about concussion post-gradu-
ation, would be through the implementation of seminars
or workshops. However, it is the authors’ opinion that in-
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clusion of concussion in the curriculum of chiropractic
colleges would be the best approach to enhance general
knowledge of future chiropractors.

Limitations

Despite the large population size, the response rate was
low. Furthermore, conducting survey always runs the risk
of only attracting those participants who have a vested
interest in the topic. As such the result of this study may
not be a true presentation of the North American chiro-
practors’ concussion knowledge. Additionally, the large
number of chiropractors who have had personal experi-
ences with concussions themselves may have resulted in
a general overestimation of chiropractors’ knowledge on
concussions, which could have influenced the results of
the study.

The initial survey® that this study was based on was
created utilizing information from the 2008 Zurich con-
sensus statement on concussion.?' Since then, there has
been new consensus statements every four years with the
last one developed in Berlin in 2016.2 To enhance CKAT
addition of following questions based on the most recent
guidelines? are recommended:

* immediate management of the athlete on field
with red flags?;

* management of athlete based on return to play
and return to school protocols?;

e the eleven Rs? (Recognize; Remove; Re-evalu-
ate; Rest; Rehabilitation; Refer; Recover; Re-
turn to sport; Reconsider; Residual effects and
sequelae; Risk reduction) in recognition and
management of the concussion;

* the effects of past medical history such as de-
pression, headaches, learning disabilities, Atten-
tion Deficit Disorder (ADD)/Attention Deficit
Hyperactivity Disorder (ADHD);

* baseline testing;

* prevention strategies.

A limitation exists such that in a practical setting, a
clinician uses a combination of history, physical and clin-
ical experience in order to evaluate a patient, whereas this
study presents a multiple-choice questionnaire to quantify
a clinician’s knowledge.

When implementing the Survey Monkey, question 12
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which asks “Which of the following is a sign or symptom
of a concussion? Select all that apply.”, vertigo and am-
nesia were set as one correct response instead of being
separate correct answers. As such, our alternative scoring
range became 0-48 instead of 0-49. This could have af-
fected the scoring and validity/reliability of the revised
scoring reported by Savic et al.'®

Conclusions

Concussions are injuries to the brain that present to chiro-
practors in practice. It is important for chiropractors to
accurately recognize, diagnose and manage concussions.
Implementation of best practice concussion guidelines
should be increased within a chiropractor’s education in
order to be able to manage concussions effectively.

Chiropractors who had experience with concussions
showed an increased knowledge of concussions, how-
ever, not by a great deal. Chiropractors with Fellowships
in sport, neurology and rehabilitation scored on the higher
ends of all the different chiropractic populations, as well
as chiropractors who have suffered concussions them-
selves in the past.

The chiropractors participated in this study could ac-
curately identify the basics of concussions in patients,
however, the subtle nuances of concussions lead to vari-
ability in managing these patients. This trend is consistent
with many different rehabilitation practitioners involved
with managing concussion patients, including physical
therapists, athletic trainers and physicians.' Further en-
hancement and updating of the CKAT based on current
literature and guidelines and an item by item construct
validity assessment are highly recommended. Education
should be designed to address the learning gaps and fur-
ther investigation is needed to understand what method is
most effective in the delivery of concussion knowledge.
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Modified CKAT questionnaire

Part 1: ID questions and Sports and Recreation background:

1.

What is your gender?
1. Male
2.  Female

Which chiropractic college did you graduate from?

Do you have any chiropractic speciality Fellowships or diplomate certificate? If so, what are they?

Are you enrolled in any Chiropractic specialty residency program? If so, what program and year are you in?

| | W[

Have you done any of the following in the past 2 years? Mark all that apply.

1.
ii.

1ii.

1v.

V.

Vi.
Vii.
Viii.
iX.

X.

X1.
XIi.
XIii.
X1V.
XV.
XVI.
XVil.
XViil.
XIX.
XX.
XXI.
XXI1i.
XXiii.
XX1V.
XXV.
XXVI.
XXVIi.
XXViil.
XXIX.

Walking for exercise

Jogging or running

Swimming

Bicycling

Weight-training

Exercise class or aerobics
Golfing

Baseball or softball

Tennis or squash

Volleyball

Basketball

Ice hockey or ice skating
Downbhill skiing or snowboarding
Boxing martial arts (judo/karate)
Wrestling

Football

Soccer

Equestrian

Inline skating

Gymnastics

Cheerleading

Trampoline

Diving

Rugby

Skydiving

Mountain climbing

Martial arts

ATV, Motorcycle, automobile racing, or snowmobiling
Other
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Modified CKAT questionnaire — Part 1: ID questions and Sports and Recreation background (continued)

6. Last week, how many times did you participate in sports or physical activity?
i. 1 time

ii. 2 times

iii. 3 times

iv. 4 times

V. 5 times

vi. 6 times

vii. 7 times

7. About how much time did you spend on each occasion?
1. 1 to 15 minutes

ii. 16 to 30 minutes

iii. 31 to 60 minutes

iv.  More than one hour

8. In the past, have you ever suffered a concussion? You may have been “knocked out”, knocked unconscious,
confused, or had your “bell rung”. You may have felt lightheaded, not knowing where you are, etc.
i. Yes — once

.  Yes— 1-5 times
1i. Yes — more than 5 times

iv. No
9. If you answered yes to the previous question, how did your concussion(s) occur? Please select all that apply.
1.  Work related
2. Motor Vehicle Crash
3. Sport or recreational activity
4. Fall
5.  Other

Part 2: Knowledge questions about concussions
(Answers that were considered correct are bolded):

10. What is the definition of concussion? Select the best answer.
1.  Loss of consciousness for <5 mins after an impact to the head
2. A complex pathophysiological process affecting the brain, induced by traumatic biomechanical

forces
3. A structural brain injury caused by mild traumatic force that transiently decreases cerebral blood flow
11. | Is aconcussion a brain injury? Select the best answer.
1. No, as there is no abnormality seen on standard structural neuroimaging

ii.  No, as symptoms are only psychological in nature
iii. Yes, as there is a functional disturbance that cannot be seen on standard neuroimaging
iv.  Yes, as there is structural abnormality seen on standard neuroimaging
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Modified CKAT questionnaire — Part 2: Knowledge questions about concussions (continued)

i.
ii.
iii.
iv.
vi.
vii.

viii.

IX.

12. | Which one of the following is true?
i. A period of unconsciousness is necessary for the diagnosis of a concussion
ii.  Over 2/3 of all concussions involve loss of consciousness (LOC)
iii.  1/3 to 2/3 of all concussions involve loss of consciousness (LOC)
iv. Less than 1/3 of all concussions involve loss of consciousness (LOC)
13. | Which of the following is a sign or symptom of a concussion? Select all that apply.
1. Headache
2. Hemiparesis
3. Dizziness
4. Confusion
5.  Fixed dilated pupil
6. Nausea and/or Vomiting
7.  Vertigo, Amnesia
8.  Tinnitus
9. Emotional or personality changes
10. Papilledema
11. Intention tremor
12. Fatigue
13. Temporary loss of consciousness
14. Prolonged coma
14. | How many symptoms of a concussion are required to diagnose a concussion?
1.  One or more symptoms
2.  three or more symptoms
3.  five or more symptoms
15. | Which of the following is true regarding the mechanism of concussion?
1. Direct physical contact to the head is necessary to sustain a concussion
ii.  Localized damage to the brainstem is the cause a concussion
iii. Localized damage to the prefrontal cortex is the cause of a concussion
iv.  Localized damage to the hippocampus is the cause of a concussion
v. A whiplash effect to the brain caused by an impact to any part of the body may cause a concussion
16. | What is the appropriate management of concussion? Select all that apply.

Every concussed individual should see a healthcare professional

A concussed player can return to play in the same game or practice if examined by a healthcare
professional

A stepwise increase in exercise and activity if symptomatic

Physical rest is always recommended after a concussion

Mental rest is always recommended after a concussion

Signs and symptoms should be monitored for increasing severity

Full neurological exam at initial assessment is recommended

The standard mini mental status exam at initial assessment as an adequate cognitive test for concussion
MRI of the brain is mandatory

CT of the brain is mandatory
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Modified CKAT questionnaire — Part 2: Knowledge questions about concussions (continued)

17. | What are some “red flags” that may predict the potential for more prolonged symptoms and may influence
your investigation and management of concussion? Select all that apply:

i Nose bleed

ii.  Prolonged loss of consciousness

ili. Number and duration of symptoms

iiv. Younger Age

v.  Repeated concussions occurring with progressively less impact force
vi. Slower recovery after each successive concussion

vii. Repeated concussions over time

viii. Concussions close together in time

ix. Being hit on the left side of the head

18. What are the long-term consequences of repetitive concussive injury? Select all that apply.
i.  Dementia

ii. Depression

ili. Headaches

iv.  Increased risk of hemorrhagic stroke

v.  Death or disability with second concussion before recovery from a first concussion
vi. Increased risk of schizophrenia

vii. Prolonged fatigue

viii. Impairment of concentration and memory

ix. Parkinsonism

x. Chronic traumatic encephalopathy

Part 3: Learning needs about concussions::

19. | In your undergraduate chiropractic education, how did you learn about concussions? Select all that apply.
1. Lecture

ii.  PBL (problem-based learning)

iii.  Seminar

iv.  Interest Group

v.  Shadowing/ Observership

vi.  Other

vii. Never, I can’t remember

20. In your residency to date, how did you learn about concussions? Select all that apply.
1.  Clinical experience
2. Self-study
3.  Lecture
4. Never, I can’t remember
5.  Other
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Modified CKAT questionnaire — Part 3: Learning needs about concussions (continued)

21. | To date, have you seen a patient with:

— concussion in the acute phase? (select one)
I.  Yes,

2. No,

3. Idon’t know

— post-concussive syndrome? (select one)

1. Yes,
2. No,
3. Idon’t know
22. | How would you self-rank your knowledge about concussions?
Inadequate Completely adequate
1 2 3 4 5 6 7 8 9 10
23. | What resource would you most likely use to find information about concussions?
1.  Google
2.  Wikipedia
3.  Up-to-date
4.  Textbook
5.  Pubmed
6. an agency website
7.  Thinkfirst.ca
8.  other
24, Are concussions something you want to learn more about as part of your medical curriculum?
Not at all Very much
1 2 3 4 5 6 7 8 9 10
25. | What is your preferred format for healthcare professional learning material?
1 Pamphlet
2 letter
3.  seminar or workshop
4 lecture
5 informational email
26. | What challenges, if any, do you think healthcare professionals face when diagnosing and managing a
concussion?
27. | This concussion assessment tool was created from knowledge extracted from the 2008 Zurich Consensus

Statement on Concussion. Given that there have been recent advances in concussion research since 2008,
are there any changes you recommend to the assessment tool, as a result of newer research?
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three main themes emerged: area of research, research
actions, and research methodology. Six areas of research
were identified: basic science and mechanism research,
clinical research, health services research, population
health, specific conditions and topics in sport, and
chiropractic research in sport. Collaboration in research
and contributing to the broader sports research effort
were two subthemes identified as research actions,
and the remaining codes were related to research
methodology.

Conclusions: The research priorities identified can
be utilized to plan future research prioritization studies
to inform a research agenda for the sports chiropractic
field.

(JCCA. 2021;65(3):292-317)

KEY WORDS: sports, chiropractic, qualitative research,
research

identifiées, et trois themes principaux sont ressortis :

le domaine de recherche, les actions de recherche

et la méthodologie de recherche. Six domaines de
recherche ont été identifiés : la science fondamentale et
la recherche sur les mécanismes, la recherche clinique,
la recherche sur les services de santé, la santé de la
population, des conditions et des sujets particuliers
liés au sport et la recherche en chiropratique sportive.
La collaboration dans la recherche et de facon plus
générale, la contribution a I’ effort de recherche sur

le sport sont deux sous-théemes identifiés comme des
actions de recherche, et les autres codes sont liés a la
méthodologie de recherche.

Conclusions : Les priorités de recherche identifiées
peuvent servir a préparer de futures études sur la
priorisation de la recherche et a guider un programme de
recherche dans le domaine de la chiropratique sportive.

(JCCA. 2021;65(3):292-317)

MOTS CLES : sports, chiropratique, recherche
qualitative, recherche

Introduction

In Canada, $1.5 billion in annual healthcare costs has
been attributed to sports and physical activity-related in-
juries.'? With up to 55% of adults** and 74% of youth’
partaking in sports and physical activity in Canada, the
importance of managing these injuries has implications
for the Canadian healthcare system. Chiropractors are
primary contact healthcare practitioners who possess
the skills to manage sports injuries. In Canada, nearly a
third of chiropractors surveyed in 2011 reported treating
sports injuries as a main component of their practice, and
a practice focus of treating sports injuries was identified
as a variable that was associated with receiving increased
physician referrals.® In Australia, 49.5% of chiropractors
reported treating athletes, and of the chiropractors who
treated athletes, they more often reported collaborative
professional and referral relationships compared to chiro-
practors who did not often treat athletes.” For these rea-
sons, sports injury management is an important area of
professional activity with collaborative opportunities for
the chiropractic field.

J Can Chiropr Assoc 2021; 65(3)

In many countries, sports chiropractic is recognized as
an accredited specialty within the profession or is regarded
as an area of practice concentration. The International
Federation of Sports Chiropractic/Fédération Internatio-
nale de Chiropratique du Sport (FICS) is an assembly of
national chiropractic sports councils and individual mem-
bers worldwide that serves to coordinate the advance-
ment of sports chiropractic, globally.® In Canada, sports
chiropractic is an accredited specialty within the chiro-
practic profession, and the Royal College of Chiropractic
Sports Sciences (Canada) (RCCSS(C)) is the governing
and organizing body that coordinates the involvement of
the chiropractic profession with amateur and professional
athletic sport organizations.” Fellows of the RCCSS(C)
in Canada are leaders in clinical practice, education and
research with respect to sports chiropractic.!”

While general chiropractic practice can involve the
treatment of sports injuries, previous reports have iden-
tified characteristics common to sports chiropractic prac-
tice.”!>!2 In Australia, sports chiropractors more often
reported utilizing a multi-modal treatment approach in-
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volving a range of treatment techniques such as spinal
manipulation/mobilization, extremity manipulation/mo-
bilization, soft tissue therapies, acupuncture, taping tech-
niques, rehabilitation and specific exercise therapies.” In a
survey of Fellows of the RCCSS(C), 95% of respondents
felt that “chiropractic treatment involved more than a
chiropractic adjustment”, and the majority felt that their
treatment could cause improvements in an athlete’s sport
performance. The most utilized interventions reported to
affect performance were spinal joint manipulation/mobil-
ization (92%), extremity joint manipulation/mobilization
(89%), exercise prescription (86%), sport-specific train-
ing advice (86%), manual soft tissue therapies (84%), and
rehabilitation prescription (81%). All respondents felt that
inter-disciplinary health professional relationships were
important in the treatment of athletes.'” Any research en-
deavors conducted to advance the sports chiropractic field
should take into consideration these distinctive approach-
es to sports chiropractic practice.

Research is vital to advance knowledge and provide
evidence-informed, up-to-date, and safe patient care.
Recently, chiropractic research agendas have been de-
veloped in North America and Europe utilizing the Del-
phi method to achieve expert consensus on research
priorities.”*!* The Delphi method is a systematic voting
procedure that involves recruiting experts to participate
in an iterative survey process where experts vote upon
a list of statements (often referred to as seed statements)
and rank their importance with the purpose of determin-
ing consensus.®'” While these research agendas facili-
tate broad research planning for the chiropractic profes-
sion, they do not specifically address the research needs
of sports chiropractors. From an interview study, sports
chiropractic practitioners emphasized the importance of
conducting research on topics unique to their field, such
as the effectiveness of sports chiropractic treatment on
athletic performance, injury recovery, and injury preven-
tion."" A limitation of previous chiropractic research agen-
das is that the Delphi panels to create such agendas had
minimal sports chiropractic input.'*!*

To the authors’ knowledge, a research agenda has not
been published for the sports chiropractic field. It is our
intention to conduct Canadian and International Delphi
studies to determine consensus on sports-focused research
priorities for sports chiropractors. Prior to conducting a
Delphi study, an appropriate sample of experts must be
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identified, and research priorities must be identified to cre-
ate seed statements for the Delphi procedure for experts
to vote on. To determine these essential components, we
developed a three-phase plan to create a sports-focused
research agenda for sports chiropractors that involves the
following: phase one — an exploratory study to uncover
the opinions of sports chiropractors about research topics,
phase two — a qualitative study designed to extract a list
of research priorities from sports chiropractic experts and
to explore investigative capacity within the sports chiro-
practic field, and phase three — conducting both Canadian
and International Delphi studies.

The phase one exploratory study involved interviewing
chiropractors with a sports-focused practice to explore
their opinions about research using quantitative text an-
alysis methods.® Chiropractors with a sports-focused
practice concentrated their discussions about research on
topics specific to the sports context, such as the effects
of various sports chiropractic interventions on athletic
performance, injury prevention for athletes, chiropractic
care of sports injuries, and the care of athletes in clinic-
al practice.® These sports-related research interests were
not captured by previous Delphi studies conducted for the
general chiropractic profession'*'*, highlighting the need
to perform separate research prioritization Delphi studies
for the sports chiropractic field.

Previous chiropractic research agenda studies utilized
qualitative methods to identify research themes and pri-
orities to generate seed statements for their Delphi pro-
cess; however, these approaches were published as an
appendix, and their methods were not reported in their
entirety.'*!* We believe there is richness in the qualitative
data collected to create seed statements when planning a
Delphi study that should be explored, as the knowledge
gleaned from the analysis can assist with research plan-
ning and inform the implementation of a research agenda.
This present project was conducted in two parts. The aim
of the first part of this project was to conduct a qualita-
tive description study of semi-structured and focus group
interviews from sports chiropractic researchers and or-
ganizational leaders to better understand the research pri-
orities important to these experts. The data from the first
part of this study will inform seed statements for a Can-
adian Delphi study to determine consensus on research
priorities for Canadian sports chiropractors and will also
provide an initial framework for planning a similar Inter-
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national Delphi study. The second part of this project in-
volves exploring investigative capacity in sports-focused
chiropractic research and will be reported as a separate
article.

Methods

Study design

We conducted a cross-sectional qualitative description
study using semi-structured interviews of sports-focused
chiropractic researchers and focus group interviews of
organizational leaders of sports chiropractic in Canada.
Qualitative description is a method that aims to acquire
a rich description of the phenomenon under study, but is
not used to develop substantive theory or explanations
from the data.’® It is especially relevant in questionnaire
development and in studies aiming to gain first-hand
knowledge of professionals’ experiences with a particular
topic.!” Considering the aim of this study was to extract
research priorities from sports chiropractic researchers
and leaders to inform questionnaire development for a
Delphi study, this study design was chosen.

Although semi-structured and focus groups interviews
are independent data collection methods, the ration-
ale for their combination is advantageous when seeking
data completeness where each method reveals different
parts of the phenomenon of interest (e.g., complementary
views) and for pragmatic reasons.” To identify research
themes and priorities to inform the development of seed
statements for a Canadian Delphi study and to inform
the planning of a similar international Delphi study, we
sought to obtain a broad view of the contributors to the
sports chiropractic research landscape, particularly in
Canada. Recognizing that the research effort in a field of
study can be influenced by the investigators conducting
the research and decision-makers that govern a field’s re-
sources, we sought to obtain qualitative data from sports
chiropractic researchers and decision-makers of sports
chiropractic organizations in Canada, specifically mem-
bers of the Boards of Directors of the RCCSS(C) and its
Foundation. We did not seek to recruit clinicians for this
study, as many sports chiropractic researchers and deci-
sion-makers also maintain a clinical practice or have pre-
vious clinical practice experience. We believe their view-
points would also include the clinician’s perspective.

Since researchers work in areas of specialization, oper-
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ate with relative autonomy, and can be influenced by their
regional research environment, we decided individual
semi-structured interviews would best capture the unique
views about research that these investigators would have
in relation to the study’s aim. In contrast, Boards of Dir-
ectors of organizations are naturally occurring groups that
engage in context-dependent group interactions to make
collaborative decisions on issues of governance. Con-
sequently, we felt that separate focus group interviews of
the Boards of Directors of the RCCSS(C) and its Foun-
dation would best capture the views of these groups on
research themes and priorities.

This study received approval by the Canadian Memor-
ial Chiropractic College (CMCC) Research Ethics Board
(#1708E01, approval date 09/14/2017) prior to com-
mencement. All participants signed a written informed
consent form before the start of each semi-structured or
focus group interview.

Participants and eligibility criteria

To be eligible as a participant for the semi-structured
interview component of this study, participants had to be
a registered chiropractor or a researcher who has either
conducted, been a collaborator or supervisor of sports-fo-
cused chiropractic research, and who has also published
at least one sports-focused research paper within the past
10 years. For the purpose of this study, sports-focused
research was defined using the RCCSS(C) definition?!
that states sports-focused research is “a field of research
directly related or relevant to anyone involved in the
sport, athletic, or exercise community. These topics may
include but are not limited to the following: injuries, in-
jury prevention, treatment, rehabilitation, biomechanics,
performance, assessment metrics, nutrition, epidemiol-
ogy, diagnostic imaging, emergency care, athletic event
coverage, team travel, education, exercise physiology,
and sport psychology.”

For the semi-structured interviews, purposive and
snowball sampling was used to identify sports chiroprac-
tic investigators that met our selection criteria and who
would yield appropriate and useful information for the
aim of this study.”> Recognizing that certain researcher
characteristics can impact their opinions and viewpoints
about research, we sought to interview researchers with
different levels of experience, roles/position in research
and from different geographical regions. As the aim of
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this study was to extract a list of research themes and pri-
orities to inform seed statements for a Canadian Delphi
study and to provide preliminary insight for planning a
future International Delphi study, we chose to weight our
recruitment towards a Canadian sample, with the inclu-
sion of at least one participant from North America (in
addition to Canada), South America, Europe, Africa and
Australasia.

Sports chiropractic researchers were identified by re-
viewing publication lists provided by the RCCSS(C),
conducting literature searches of the PubMed and Index
to Chiropractic Literature databases (see Appendix 1
for search strategy example), and by emailing editorial
board members of peer-reviewed chiropractic journals
who have conducted work in the sports chiropractic field
for recommendations of sports chiropractic researchers.
A three-step screening process was used to create a list
of eligible sports chiropractic researchers to recruit for
this study. Step one — the citations from the RCCSS(C)
publication list and literature searches were reviewed to
identify citations that met the RCCSS(C) definition' of
sports-focused research. Step two — author searches of
these citations and of the researchers recommended by
journal editorial board members were conducted using
PubMed and Google to identify those who met the study’s
inclusion criteria. Step three — of the sports chiropractic
researchers identified from step two, internet searches
were conducted to identify their institutional affiliation,
research role/position, geographical location, and number
of sports-focused publications.

Once compiled, two of the investigators (AL and MB)
reviewed this list and stratified these eligible sports chiro-
practic researchers based on number of publications,
research experience, role/position in research, and geo-
graphical location. After reviewing these characteris-
tics of the eligible participants, we sought to interview
a minimum of one novice researcher, senior researcher,
research chair, journal editorial board member, academ-
ic program director, and research administrator. The two
investigators (AL and MB) who compiled this list met to
decide which sports chiropractic researchers to invite to
participate in a semi-structured interview based on these
attributes. Once these minimums were met, the two in-
vestigators continued to meet to decide which researchers
would yield appropriate and useful information for the
aim of this study. At the completion of each interview,
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each participant was asked if they could recommend other
sports chiropractic researchers we should contact for this
study. Individuals identified by snowball sampling were
reviewed against the study’s inclusion criteria and re-
searcher characteristics of interest, and the research team
decided whether to invite these individuals to participate.

For the focus group interviews, purposive sampling
was conducted to identify organizational leaders of sports
chiropractic in Canada by contacting board members of
the RCCSS(C) and its Foundation. The RCCSS(C) is the
governing and organizing body that coordinates the in-
volvement of the Canadian chiropractic profession with
amateur and professional athletic sport organizations. It
provides post-graduate education to chiropractors to al-
low them to attain a Fellowship in chiropractic sports
sciences and represents approximately 170 chiroprac-
tic sports fellows and residents.” The Foundation for the
RCCSS(C) is a fundraising organization that collaborates
with the RCCSS(C) to fund education and scientific re-
search in chiropractic sports healthcare.” To be eligible to
participate in the focus group interviews, participants had
to be an active member of the board of directors of either
the RCCSS(C) or its Foundation.

Once individuals were identified by our sampling
methods, all prospective participants were recruited by
the principal author by email invitation. To provide an es-
timate of the sample size for this study, we analyzed our
study’s characteristics against the items theorized to im-
pact the information power* of the data that we intended
to gather (Appendix 2). We anticipated a sample size of
approximately 20 to 30 participants. This is within the
sampling range of a previous investigation that demon-
strated data saturation occurring in as low as six to eight
participants in homogenous samples, and up to 12 to 30
when looking for disconfirming evidence or trying to
achieve maximum variation.

Research team and reflexivity

The interviews were conducted by two members of the
research team (ADL — male, LD — female). At each inter-
view, another member of the research team (MB or KS)
attended the interview (in person, virtually, or by tele-
phone) to take field notes. Both interviewers (ADL, LD)
are practicing chiropractors, Fellows of the RCCSS(C)
and are full-time faculty members at the Canadian Me-
morial Chiropractic College (CMCC). ADL has 13 years

J Can Chiropr Assoc 2021; 65(3)



AD Lee, LC deGraauw, BJ Muir, MN Belchos, KM Szabo, C deGraauw, SD Howitt

of practice and research experience, and LD has 23 years.
In the planning phases of this study, ADL and LD con-
sulted with a senior qualitative researcher at their aca-
demic institution for guidance and advice. During the
time of conducting the interviews, the field note takers
(KS, MB) were a practicing chiropractor and fourth year
clinical intern at CMCC, respectively.

Considering the sports chiropractic field is a relatively
small field of study, pre-existing relationships within the
field can exist. The interviewers, ADL and LD, are both
involved in committee work with the RCCSS(C) and are
actively involved in the sports-focused chiropractic re-
search field. As a result, they have previous relationships
with some of the participants who were interviewed. To
mitigate any bias that may have occurred during the inter-
views, the interviewers regularly reiterated the study’s
aim and purpose, which was to extract research priorities
from the interviews to develop seed statements for a fu-
ture Delphi study to determine consensus on sports-fo-
cused research priorities for sports chiropractors. During
the qualitative analysis, ADL and LD aimed to decrease
their own bias by regularly meeting to reflect on their cod-
ing decisions in relation to the study’s aim.

Data collection procedures

Setting and interviews

The semi-structured interviews were conducted in-person
or remotely using the Skype Application (Skype Technol-
ogies, Microsoft, USA), dependent on the availability of
the participants. At each interview, one of the lead auth-
ors (ADL or LD) conducted the interview, while another
member of the research team (MB or KS) took field notes.
The semi-structured interviews were audio-recorded
using a digital audio recorder (SONY ICD-PX333 Digital
Flash Voice Recorder) and Callnote audio recording soft-
ware (Callnote, Kanda Software Inc., USA).

Two separate focus group interviews of the organiza-
tional leaders of sports chiropractic in Canada were con-
ducted in-person: one for the Board of Directors of the
RCCSS(C) and another for the Board of Directors of the
Foundation for the RCCSS(C). These focus group inter-
views were conducted in a meeting room at the location
of the RCCSS(C) Annual Board Meeting. Three members
of the research team were present at both focus group
interviews. The lead author (ADL) moderated the focus
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group while LD and MB took field notes. The focus group
interviews were audio-recorded using a digital audio re-
corder (SONY ICD-PX333 Digital Flash Voice Recorder)
and Audacity audio recording software (Audacity, USA).

The development of the interview guide was informed
by previous work that interviewed chiropractors with a
sports-focused practice about sports chiropractic research
priorities'', and was distributed to members of the Re-
search and Education Committee of the RCCSS(C) for
their feedback related to the questions developed and
their relevance to our research question. Prior to data col-
lection, the interview guide was piloted in a mock focus
group session involving a group of nine chiropractic clin-
ical interns, and a pilot semi-structured interview was
conducted with a research assistant. The same interview
guide was used for both the focus group and semi-struc-
tured individual interviews. All participants were sent our
interview guide (Appendix 3), a minimum of two days
in advance of their interview, to provide them with the
opportunity to familiarize themselves with the questions
and to allow them to consider potential responses.

In addition to the interviews, the participant’s age, sex,
years of practice, clinical practice status, number of pub-
lications, academic positions, geographical location, and
education were collected to characterize our sample.

Analysis
At the completion of each focus group and semi-struc-
tured interview, ADL and LD met to debrief the interview
notes and review the interview recordings to determine if
changes should be made to the interview guide and if any
researchers suggested by snowball sampling should be
considered for recruitment. Two members of the research
team, MB and KS, transcribed all audio recordings ver-
batim with transcripts reviewed for accuracy by the lead
author (ADL). All participant names were removed from
the transcripts and replaced with unique identifiers. Each
participant was sent their transcript for their review with
instructions to make any edits or additions to the tran-
scripts that they saw fit. Upon receiving the reviewed and
edited transcripts from the participants, they were import-
ed into NVivo™ software (QSR International Pty Ltd.,
Victoria, Australia) for qualitative analysis.

Qualitative analysis commenced after completing the
interviews, with the two focus groups being analyzed first,
to determine if changes to the interview guide was neces-
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sary before conducting the semi-structured interviews.
While it was the intention to analyze each semi-struc-
tured interview prior to conducting subsequent ones, to
take advantage of opportunities to schedule interviews,
the analysis of the semi-structured interviews was con-
ducted after the majority were complete. The decision to
stop recruiting participants for further interviews was de-
termined when data saturation was reached, which was
defined as the point where further data collection and an-
alysis produced little or no change to the qualitative codes
within the data.”

A qualitative content analysis of the interview tran-
scripts was conducted using an interpretivist perspective.
The intention of an interpretivist approach is to describe
and interpret, but not to develop a substantive theory.
It is concerned with how people feel, respond and give
meaning to their experiences.?® Since we did not seek to
develop theory from the data or compare and contrast the
viewpoints of the participants, the semi-structured inter-
views of the researchers and focus-group interviews of
the leaders were given equal weight in our analysis. The
unit of analysis were the interview transcripts from each
participant. Comparisons between the sports chiropractic
researchers and leaders were not made as it was deemed
to be beyond the scope of this study.

Two members of the research team (ADL and LD)
coded the transcriptions independently using an inductive
content analysis for both manifest and latent content, and
regularly met for peer debriefing to discuss and resolve
any coding discrepancies. Similar codes were sorted and
collapsed together to create categories. Themes were ab-
stracted from the codes and categories generated from the
data with guidance from research categories utilized by
previous chiropractic research prioritization studies.'*!*
An audit trail of the coding and reflexive process was re-
corded throughout the analysis. The qualitative analysis
and reporting of the data was guided by the consolidated
criteria for reporting qualitative research.”

Results

Participants

For the semi-structured interviews, 25 sports-focused
chiropractic researchers were recruited (22 from purpos-
ive and 3 from snowball sampling) and 20 participated
(80% response rate). Of those who declined participation,
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Table 1.
Participant demographic characteristics

Number of participants 32
Age in years (mean = SD) 474+ 10
Sex (male/female) 25 (78%) 1 7 (22%)
Average years of practice (mean + SD) 20.1+£9.7
Number maintaining a clinical practice 25 (78%)
Number of publications (mean + SD) 162 +234
Academic positions

Faculty (adjunct or primary) 23 (72%)

Professor 18 (56%)

Lecturer/Tutor 7 (22%)

University affiliation 13 (41%)

Chiropractic academic institution affiliation 21 (66%)

Journal editor/editorial board 3 (9%)

Board/committee position in a chiropractic

association I (203
Research chair 1 (3%)
Director of a research program 2 (6%)
Director or coordinator of an academic program |5 (16%)
Education
Undergraduate 22 (69%)
DC 31 (97%)
Masters 18 (56%)
PhD 5 (16%)
PhD (candidate) 6 (19%)
Sports specialization fellowship/diplomate/degree | 19 (59%)
Country

Canada 21 (66%)
United States of America 4 (13%)
Australia 2 (6%)
Sweden 1 (3%)
Brazil 1 (3%)
England 1 (3%)
Germany 1 (3%)
South Africa 1 (3%)

four researchers reported a lack of time as the reason they
could not participate, and one individual cited personal
reasons to decline. For the focus groups, all 12 individuals
recruited participated fully in the study (100% response
rate). A total of 32 participants completed this study. The
average interview durations for the semi-structured and
focus group interviews were 56.87 and 52.55 minutes re-
spectively. After analyzing the focus group interviews, it
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was determined no changes were required to the interview
guide prior to conducting the semi-structured interviews.

All participants reviewed and returned their transcripts
to the research team, and 12 participants made minor
revisions to clarify statements made in their interviews
with no significant changes to the content. No new codes
emerged from the data in semi-structured interview 17,
only one new code was identified from interview 18, and
interviews 19 and 20 did not yield any new codes. At this
point, we determined further interviews were unlikely to
generate any significant new codes and themes from the
targeted population and recruitment was concluded.®

Table 1 lists the demographic characteristics of our
participants. Our sample had a larger proportion of males
(78%), and there was large variability in the average years
of practice and number of publications of our participants,
demonstrating that participants had varying levels of ex-
perience. Most participants held faculty positions (72%),
had affiliations with chiropractic academic institutions
(66%), and maintained a clinical practice (78%). Nearly
all participants were chiropractors (97%), and 59% had
some form of sports specialization training. Of the partici-
pants, 29 (90%) reported having post-graduate research
training (master’s degree or higher). Reflective of our
sampling strategy, our sample was comprised of 21 (66%)
Canadians and 11 (34%) from other countries.

Identified research priorities and themes

A total of 150 individual research priorities were identi-
fied from our qualitative analysis and were categorized
into three major themes: 1) area of research, 2) research
actions and 3) research methodology. The area of re-
search theme was used to categorize research priorities
into topics of research to create sub-themes. Similar to
previous research prioritization studies for the chiroprac-
tic profession'*'*, many of the research priorities could be
categorized into the sub-themes: basic science and mech-
anism research, clinical research, and population health.
A variety of research priorities emerged from the data
that were related to health services research applied to the
sport context. As a result, the sub-theme, health services
research, was created for these priorities. Consistent with
our previous work'!, research priorities were frequently
identified about chiropractic research conducted in the
sport setting, so the sub-theme chiropractic research in
sport, was created for this reason. The remaining research
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Table 2.
Number of segments of coded text attributed to each
research theme

Major research themes and sub-themes Segments of coded text
Area of research 1065
Clinical research 513
Chiropractic research in sport 243
Specific sports conditions and topics 126
Health services research 91
Basic science and mechanism research 72
Population health 20
Research actions 319
Collaboration in research 303
Contributing to the broader sports
research effort 16
Research methodology 66

priorities in the area of research theme were related to
specific conditions and topics in sports.

The research actions theme was created to capture re-
search priorities that pertained to efforts related to con-
ducting research. Considering there were a range of re-
search priorities extracted related to research collabora-
tion, the collaboration in research sub-theme was created.
In the interview transcripts, many participants mentioned
the importance of having sports chiropractors involved in
collaborative research teams investigating large sports re-
search topics, and many interviewees recommended that
sports chiropractors should contribute to the overall sports
research effort that is shared by all professionals work-
ing in sport. Consistent with these recommendations, we
created the sub-theme contributing to the broader sports
medicine research effort to capture these recommenda-
tions.

Lastly, the remaining research priorities were related to
study design and methodological approaches to research,
such as conducting systematic reviews and creating prac-
tice- and field-based research networks. These directives
were grouped together to form the major theme, research
methodology. Table 2 outlines the number of segments
of coded text that were attributed to research priorities
for each theme and subtheme. All research priorities iden-
tified are presented in Table 3 categorized into their re-
spective themes along with supporting quotes.
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Table 3.
Research themes and priorities with supporting quotes

Major theme: Area of research

Basic Science and Mechanism Research

Fields of Study
> Biomechanics

> Biomechanics of Injury
> Sports Biomechanics

> Cellular Biology & Physiology
> Exercise Physiology
> Nerve and Neurophysiology

“We also need to do some basic science research, like, look at biomechanics for instance. Cause, it’s, it’s great getting results but
you also want to see, you want to be able to explain why and how with the results that take place. So, doing some research in that
area would be helpful.” (Focus Group 2, Participant 3)

Interventions
> Acupuncture
> Extremity Manipulative Therapy
> Rehabilitation
> Soft Tissue Therapy
> Spinal Manipulative Therapy

“[ think the questions people have [are], the biological mechanisms associated with manual therapy, with manipulation
specifically, how does spinal manipulation work? Both, in probably the sports chiropractic population as well as the non-sports
chiropractic population.. what happens when we do some type of manual intervention? Are there biomechanical effects? Are
there neurophysiological effects? Or are there both, basically?”(Semi-structured Interview, Participant 5)

Clinical Research

Consensus & Position Statements

“.. I think the lowest hanging fruit on the tree is to get involved in some consensus statements, so whether that’s with CASEM [Canadian
Academy of Sports and Exercise Medicine] or CPA [Canadian Physiotherapy Association] or CATA [Canadian Athletic Therapist’s
Association] or somewhere else, or whether that’s just part of the concussion thing or exercise is medicine. There are groups that are
already forming consensus, and we don't necessarily have a chiro in the group. So, there’s probably some opportunities to be jumping in
on some consensus statements, that in and of themselves, would be a collaboration.” (Focus Group 1, Participant 1)

Diagnosis Research
> Clinical Prediction Rules
> Functional Assessment
> Orthopedic Assessment

“..research into things like clinical prediction rules trying to put patients into categories where we can find the best treatment
combination to get them the best outcomes. So, something that centers around being effective and efficient in getting to the
problem quickly, and being able to address that effectively and efficiently.” (Semi-structured interview, participant 10)

“.. I think this idea of functional movement, the quality of movement and how do you move, I think that is wide open and should be a
question that chiropractic, especially chiropractic sports researchers, might be asking.” (Semi-structured Interview, Participant 5)

“And obviously diagnostic skills as well, so if we look at our you know, if we were looking at certain clinical tests, what tests
are most specific and sensitive in terms of picking up a condition that can help with our overall diagnostic abilities?” (Semi-
structured interview, Participant 3)

Epidemiology
> Injury Incidence & Surveillance

“...you'd gather as much data as you can on baseline demographics, previous health history and then you can follow them over
time to see who develops certain injuries, and you can compare those who didn’t develop the injury to those who did or those who
were exposed to an injury and those who weren't. You know, we could look at risk factors or you can follow a group of people
with certain types of injuries and follow them over time to see who gets better compared to those who don’t, compare baseline
demographics. We call those prognostic factors.” (Semi-structured Interview, Participant 9)

Guidelines & Evidence-based Care Pathways

“.. clinical guidelines is a very good way, maybe, to try to produce, uh, I think if, if that’s supposed to be like a kind of a research
directive to producing clinical guidelines, I think that’s, that’s one way forward actually.” (Semi-structured Interview, Participant 12)

Intervention & Clinical Efficacy
> Comparative Effectiveness Studies
> Intervention Effects on Specific Outcomes

> Performance

> Recovery

> Return to Play

Intervention Profile

> Treatment Safety

> Treatment Timing & Dosage

Specific Interventions

> Acupuncture

> Manipulative Therapy — Extremity
> Manipulative Therapy — Spinal

> Mobilization Therapy — Extremity
> Mobilization Therapy — Spinal

> Modalities

> Laser

> Microcurrent

> Ultrasound

> Vibration Therapy

Neural Mobilization
Nutrition

Patient Counselling and Patient
Education

Rehabilitation & Exercise
Soft Tissue Therapy
Supportive Devices & Taping

YYY VYV

> Treatment Approaches

> Functional Treatment Approach

> Multi-modal Interventions

“First, we need to compare the effectiveness of a treatment, then show that the treatment is safe, and then assess its cost-
effectiveness. It seems to me that you can sell this to third party payers, governments, etc. if you can prove that we firstly work,
two — that it does no harm, and then three — it’s cheaper than the next option.” (Semi-structured Interview, Participant 8)

“I'll break it down into three areas. The first one is outcomes-based research on actual treatments, secondarily — outcomes-based
research on prevention, and thirdly — on performance or performance enhancement.” (Semi-structured Interview, Participant 8)

“[ think return to play in general is an important area where we can definitely get more involved and should get ourselves more
involved inter-professionally, because typically it’s a team of people helping bring that person back to play.” (Focus Group 1,
Participant 6)

“Should we adjust before performance? ... when is the best time to do soft tissue treatment? Is it a day before? Is it an

hour before? Is it 5 minutes before? That’s stuff I think that can be pertinent for clinical practice. When within somebody’s
periodization of training should we focus on more soft tissue work versus fine tuning? When's the best place to put rehab? That’s
probably quite a big topic, but clinically it might help.” (Focus Group 1, Participant 2)

“...50 we need to look at, you know, both indicators and contraindications to doing manipulation and extremity manipulation.
Also, and then, what the effect of those are.. if there is a dose response.” (Semi-structured Interview, Participant 11)

“Most of the sports chiropractors that I know, most of them do some form of myofascial release, whether its active release or
what have you, and they’ll do some type of instrument-assisted soft tissue mobilization or IASTM, whether it’s Graston® or
FAKTR®, whatever other named technique, to me there is still so little efficacy research in those areas, in particularly when
applied to sports injuries. So, to me, that'’s [what] I think a lot of where the exploration could be going.” (Semi-structured
Interview, Participant 7)

“The second part would be what we call the multimodal effect.. systematic review on multimodal effect of chiropractic on
different conditions, which is what we do. We do adjusting, we do soft tissue, we do rehab, all of that together; and looking at that
to see if all of that we do, does it affect the performance?” (Semi-structured Interview, Participant 2)
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Prognosis Research
> llness Prevention
> Injury Prevention
> Risk Factors

“I'would look at risk or prognosis research. We could look at the determinants of sports injuries.” (Semi-structured Interview, Participant 9)

“...this holy grail with the injury prevention, it may be possible, it may not be possible, but I think that’s gonna be, or that will
continue to be one of the major, or the hottest topic in sports medicine. Can we identify players pre-season, during the season,
that are more likely to get injured and can we intervene early? “ (Semi-structured Interview, Participant 17)

Research & Development of Outcome Measures

“...1) we may need to develop valid and reliable outcome measures which are specific to our research needs if they don’t already
exist, 2) that the needs of outcome measures may be different from a research perspective compared to the needs of a field doc.”
(Semi-structured Interview, Participant 1)

Health Services Research

Athletic Field Services
> Multi-sport Games
> Pre-participation Physicals/Examination
> Team Care & Travel with Athletes

“What we can and can’t do on the field and where we have to then.. look at other professions for help.” (Focus Group 2,
Participant 3)

“[ think researching into utilization rates in using chiropractors as emergency care or field care and then looking into what is our
duties, what does our practice entail, what do we cover, what do we don’t?” (Semi-structured Interview, Participant 2)

Cost-effectiveness

““.. s it cost-effective to see a chiropractor versus another practitioner? Because a lot of athletes are, you know, don’t have a lot of
Jfunding, so..do we do things faster, more efficient, that is better for their pocket book?” (Focus group 1, Participant 4)

“...one thing could be, looking into, is this actually economically feasible for society?..looking into health economics maybe? If we could
prove that what we do, whatever that is I'm still not clear on it as a chiropractor, but what we do actually is more cost effective than something
else, maybe that could be a part of an opportunity for chiropractic researchers in sport.” (Semi-structured Interview, Participant 12)

Interprofessional Dynamics

“.. understanding the dynamics within the sports fraternity and how to interdigitate with that best.” (Semi-structured Interview,
Participant 10)

Knowledge Translation

“...if we would have best evidence constantly updated, treatment algorithms for the most common treatments for the most
common conditions, I think it would definitely be beneficial for the field practitioner.” (Semi-structured Interview, Participant 17)

“...I think another thing could be to actually inform practitioners how to actually interpret research findings and how these can
actually be used in clinical practice.” (Semi-structured Interview, Participant 12)

Sports Healthcare Teams

“..from a point of view of working with others, I think research into factors that enable or disable effective teamwork within a
sports-sanctioned environment, that would enable best delivery of care to the patient...” (Semi-structured Interview, Participant 10)

Utilization of Sports Healthcare Services

“...how to collaborate with other health practitioners, so whether that be sport physios, ATs [athletic therapists], how to do the
utilization of all us together...on the field, or whatever that might be.” (Focus Group 1, Participant 4)

“...if you got the data as to what they were presenting with, how many times they came in to that environment, how many times, you know,
what that was utilized, that would be increasing our capacity and capabilities within the profession.” (Semi-structured Interview, Subject 7)

Population Health

Physical Activity
> Exercise Is Medicine

“...with physical activity levels and population health, then we need to look at the exercise is medicine and physical activity levels
of our patients and how to get better knowledge translations to practitioners so that they’re also making that part of their patient
care”. (Focus Group 1, Participant 6)

Public Awareness & Education

“.. I think around patient education and now we're getting into things around consensus statements and public awareness
campaigns...” (Semi-structured Interview, Participant 1)

Special Populations
> Elite Athletes
> Masters Level Athletes
> Pediatric Athletes

“We need to look at populations of athletes, we need to look at the mature athlete, as well as injury rates in younger athletes as
well as adults.” (Semi-structured Interview, Participant 8)

Specific Conditions and Topics in Sport
> Ankle Sprains
> Anterior Cruciate Ligament & Knee
Ligament Injuries
> Athletic Pubalgia
> Concussion
Extremities in General
FIFA Injury Prevention Program
Hamstrings Strain
Labral Injuries, Hip
Lateral Epicondylitis
Lisfranc Injuries
Low Back Pain
Meniscus, Knee
Metacarpal Injuries
Neck Pain
Neuropathies
Osteoarthritis
Patellofemoral Pain Syndrome
Pectoralis Tears
Plantar Fasciitis
Platelet-Rich Plasma Injection Therapy
Rotator Cuff
SLAP Injuries
Soft Tissue Injuries & Myofascial Pain
Spondylolysis
Sports Psychology
> Sprains & Strains — General
> Tendinopathy
> Thoracic Pain
> Turf Toe

YYYVYVYYYVYYYVYYYVVVVVVY

“We should look at what the bigger picture is in sports medicine, the delivery of sports medical care, where is it all going and we
should target our research to be relevant in that area.” (Semi-structured Interview, Participant 15)

“Being a part of the sports medicine community is what we want to do um, rather than just prove ourselves. And, essentially, you
get to prove yourself through being a part of the community rather than the other way around trying to be a part of the community
by proving yourself.” (Semi-structured Interview, Participant 6)

“...research related to concussion, it’s a hot topic,...and this will help demonstrate our role in the assessment and management of
concussion. It’s a huge opportunity for us to participate in interdisciplinary research.” (Focus Group 2, Participant 2)

“...1o me, chiropractors need to have a seat at the table when it comes to research on those topics...whether it’s just advancing
conservative management of those topics, like an example would be something like ACL tears.” (Semi-structured Interview,
Participant 7)

“...big topics, probably sprain, strain, the ankle sprain is one of the one[s] in all of our own sports [practices] and that’s also
another one to look at with the chiropractic care of that.” (Semi-structured Interview, Participant 2)

“...hamstring injuries, soft tissue-based, number one occurring soft tissue injury, number one occurring ligamentous injury — in
the ankle and in other joints. I'd say start with patellofemoral pain, go to meniscal injury. In the shoulder, I’d say have a look at
rotator cuff and impingement syndromes. Many of the really common presentations of these conditions now have recently had a
lot of bad PR [public relations] when it comes to both medication and surgeries, and so if we begin to provide evidence-based
alternatives that are multimodal in nature, the treatments that is, I suspect that we will stack up quite favorably, if we can.”
(Semi-structured Interview, Participant 8)

“..if you talk hot topics, I would say labrum, a big one — rotator cuff,..throwing injuries and I mean you, I feel like any of these,
the chiropractic’s perspective should be there.” (Semi-structured Interview, Participant 1)
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Chiropractic Research in Sport

Comparing Sports Chiropractors to Other
Practitioners

“...if we are able to show comparative studies, like that which don’t bring it down to this adjustment caused this, but the
chiropractic model of care introduced into a multidisciplinary setting improves outcomes, I think that’s valuable.” (Semi-
structured Interview, Participant 6)

“...something along the lines of a job analysis, I think would be critically important to get done again, and seeing an in-depth
level what do sports chiropractors do? You know, is that different from what regular chiropractors do? And, if so, how is it
different? And then, also looking at how is what sports chiropractors do, how is it different from what other therapists or
specialists who see athletes and work with athletes, how does, how is that different?” (Semi-structured Interview, Participant 7)

Competency of Sports Chiropractors

“Well, I think that we have to be able to show that we have certain competencies. This is important.” (Semi-structured Interview,
Participant 8)

“Well, I guess fundamentally, the first thing that I think that needs to be understood is what makes a sports chiropractor, and so
defining the characteristics of what chiropractic sports training entails would be important. I would suggest that understanding
the scope of what chiropractors do in sports care is important.” (Semi-structured Interview, Participant 13)

Historical Research in the Sports Chiropractic
Field

“...maybe historical aspects of things, and who the chiros were in charge, like Dr. XXXXX, others who were in charge of major
[and] minor games,...how they managed and what happened.” (Semi-structured Interview, Participant 2)

Integration of Sports Chiropractic Into
Healthcare Teams

“.. just getting on the field requires some cultural authority, and to do that you need to prove there is a value for chiropractors
being with a team, being on the field, being at major games. We have established that to a great extent, but it’s not universal, so
building the case for chiropractic to be included in the healthcare teams is the direction.” (Focus Group 2, Participant 4)

“...showing the impact of chiropractors within the multi-disciplinary team, I think is an important part of the research, which
helps get chiropractors sideline, helps them integrate into that setting. So, rather than anything specifically technique based...
setting-specific research that talks about interaction, and a lot of that is going to be more qualitative-type research rather than
quantitative, that have chiropractors interact within that environment.” (Semi-structured Interview, Participant 6)

Perception of Sports Chiropractic

“We need to start simple here and ask the public about their knowledge on what is it we do as sports specialist chiropractors and
identify knowledge gaps and issues with our public perceptions.” (Semi-structured Interview, Participant 3)

Research Supporting the Strategic Planning For
Sports Chiropractic

“...it’s just a matter of having organizational meetings, focus groups, think tank sessions so that we can share opportunities, ideas,
and have some strategic planning.” (Focus Group 2, Participant 2)

Self-analysis Studies of the Sports Chiropractic
Field

“...we need to document the scope of activities that we perform from in field, in clinic, at games triage all the way through to
treatment in all those arenas, to the advice we give and our supporting therapies. We need to document the whole lot. Therefore,
some of the research we need to perform is the documentation of sports chiropractic activity in each of these domains” (Semi-
structured Interview, Participant 8)

Sports Chiropractors as Diagnosticians

“...and then probably on the diagnosis capacity of the sports chiropractor. I'm not sure how we could do that, but maybe kind of
an inter-reliability [study], uh, on diagnosis and compare us with others because that would be pretty hard, but maybe to see that
we are consistent with our diagnosis and that we can be accurate. I don'’t think that this is emphasized enough on [in] the field.
(Semi-structured Interview, Participant 20)

Surveillance of Professional Activity in Sports
Chiropractic

“..it would be nice as far as field work goes for us to actually get some numbers of how many sports chiropractors are actually
doing field work, and how we’re represented in the field work.” (Focus Group 1, Participant 2)

“...what we do as sport chiropractors.. where we are treating, what teams we’re affiliated with, what are the stats of our
utilization rates.” (Sem-structured Interview, Participant 3)

Understanding the Sports Chiropractic Patient

““...chiropractors need to take a step back and think about what is important for the patient, in this case the athlete... so taking
away preconceived ideas of how we can best help the patient and replace that with what does the patient actually need and can
we fulfill that need in a way that benefits the patient.” (Semi-structured Interview, Participant 10)

“.. often the practitioner will say well this is what you need without necessarily completely listening to what the athlete has
to say...that sort of common ground needs to be nurtured more and perhaps investigated as a source for research questions as
oppose to us trying to predict what the athlete may or may not want.” (Semi-structured Interview, Participant 10)

Utilization of Sports Chiropractic Services

“Utilization, I guess. What the athletes are looking for, what the athletes want. Are the athletes seeking out sports chiropractic?
Is that communication happening to the outside organization, the sporting organizations? Is that something that’s even wanted by
the public? So coming into a sport, organizing it from a sports standpoint, are the athletes and the organizations looking to have
sports chiropractic represented?” (Focus Group 1, Participant 3)

Major theme: Research actions

Collaboration In Research

Funding Agencies

“..the next steps for your group would be to compare your research perspectives and priorities to those of the provincial and
national federal funding agencies. They’re the ones with the dollars. Everyone is chasing them, although the success rates are
very low, you have to get into the process even though the sharks are there. You have to get into the water with them, because

that’s where the credibility is and the big bucks are. Without the big bucks you won’t go very far.” (Semi-structured Interview,
Participant 18)

Industry

“...you then have to partner up with the universities, and also the private enterprise groups within the profession to say, ‘well
who'’s truly about evidence here and who wants to promote this’, because it’s not going to get done with unicorns and prayers.

It’s going to need money and it’s got to come from somewhere. Academics can help get there, but largely speaking, you know, the
response rate on grants is abysmal in general chiro and in the sports chiropractic field it’s going to be even worse than just spinal
chiropractic.” (Semi-structured Interview, Participant 8)

Interinstitutional
> Chiropractic Educational Institutions
> Universities

“...accessibility to academic institutions or to fellows with Masters or PhDs in institutions that we can collaborate with. .. to
have the team to be able to support the research, whether it’s lab focused, whether it’s the statisticians, whether it’s the research
assistants, to help the accessibility to that type of support staff.” (Focus Group 1, Participant 2)
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Interprofessional
> Individual Professions

> Athletic Therapists

> Biomechanists

> Cardiologists

> Dentists

> Exercise Physiologists

> Kinesiologists

> Neurologists

> Orthopedic Surgeons

> Physiatrists

> Physicians (General)

> Physiotherapists

> Psychologists

> Pulmonologists

> Registered Massage Therapists

> Sports Physicians

> Professional Organizations

> American College of Sports Medicine

> Canadian Academy of Sport and
Exercise Medicine

> Canadian Athletic Therapists
Association

> Canadian Physiotherapy Association

> Canadian Society of Exercise
Physiologists

> Canadian Sport Massage Therapists
Association

> Sports Physiotherapy Canada

“Research should focus on interdisciplinary relations. Uh, collaboration between chiropractic and all the other health
professionals, especially, medical specialties.” (Focus Group 2, Participant 2)

“...do we want to partner with Sports Physiotherapy Canada or CASEM [Canadian Academy of Sports and Exercise Medicine]
in terms of getting some of their authors and some of their personnel in our studies, so that collectively we’re working towards a
bigger picture?” (Semi-structured Interview, Participant 3)

“...you have to be more cross disciplinary, more inter-disciplinary. You have to engage with many other professions, and many
other researchers.” (Semi-structured Interview, Participant 18)

“...build a group of people from within that have, you know, the advanced degrees and have, have a drive to actually chase
questions related to sports and chiropractic. From there, then you can start to build these collaborative networks of individuals
with, .. multidisciplinary backgrounds,.. including PTs, ..sports med docs,..other individuals into the team, because when you
get the collaborative network together, then the group productivity, that actually is a lot greater than just the productivity of the
individual person.” (Semi-structured Interview, Participant 4)

Intra-professional

> Canadian Chiropractic Research
Foundation — Research Chairs

> Chiropractic Associations
> Chiropractic Specialty Colleges
> Chiropractic Organizations
> Sports Chiropractic Associations
> Sports Residents

“[ think that we want to look in a few areas for collaboration because I think we can definitely start by collaborating intra-
professionally, so looking at some of our other specialties, like collaborating with our clinical specialists and radiology
specialists, and the other specialties in Canada” (Focus Group 1, Participant 6)

Leading Experts in A Field

“...before you start any project you need to identify the experts in that area. I think that if you let the profession that, what

you know, the letters behind their name define expertise, you are making a mistake. So,.. for example, we do some concussion
research. We identified world leaders in that domain and then we just reach out to them and see if we have any common interest
for a project or a proposed project that we think their expertise could help us with.” (Semi-structured Interview, Participant 16)

Sports Community

> Coaches

> Non-profit Organizations

> Specialized Sports Training &
Development Centres (eg. Olympic
Training Centres, Canadian Sports
Centres)

> Sports Organizations, Federations &
Associations

> Sports Teams and Clubs

“I think collaborating also with coaches and national sporting organizations. So, like where are the athletes and can we tap into
their resources to do research from those institutions, like out in Calgary and Olympic teams, things like that.” (Focus Group 1,
Participant 5)

Contributing to the Broader Sports Research Effort

Contributing to the Broader Sports Research
Effort

“...we should look at what the bigger picture is in sports medicine, the delivery of sports medical care, where is it all going, and
we should target our research to be relevant in that area.” (Semi-structured Interview, Participant 15)

“..trying to find this direction where we show that we are contributing to the sports medicine community rather than just trying
to prop up the profession...” (Semi-structured Interview, Participant 6)

Major theme: Research methodology

> Cohort Studies

> Descriptive Studies

> Multi-centre Research

> Multivariate Research

> Practice- and Field-based Research
Networks

> Qualitative Research

> Randomized Clinical Trials

> Survey Research

> Systematic Reviews & Meta-analysis

“I think we need to set up practice-based research networks at the ‘country’ level and at the ‘international’ level. This is possible
now because of the interest and because of the advancement in computing power.” (Semi-structured Interview, Participant 8)

“..we need to be able to deliver a platform for field practitioners to translate their experience into research. So, we have, we

seem to have our researchers over in one corner and our field practitioners over in the other corner, and the researchers say, ‘gee
it would be nice to get out and get some data from, you know, sporting events and what we do’ and the sports practitioners saying,
‘gee it would be nice to covert what I do into some research.’ And they are not talking.” (Semi-structured Interview, Participant 6)

“Randomized clinical trials, it’s very important for us. Ideally we should do RCTs with some follow up or mixing RCT with cohort
studies, so we can not only see the immediate effects of whatever we are testing, but if that [effect] lasts long or not.” (Semi-
structured Interview, Participant 14)
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Discussion

To our knowledge, this is the first qualitative study that
investigated the opinions of sports chiropractic research-
ers and leaders about sports-focused research priorities.
Our study extracted a list of 150 research priorities cat-
egorized into three major research themes, 1) areas of re-
search with six sub-themes with each representing a sep-
arate topic area of research, 2) research actions with two
sub-themes, and 3) research methodology. In this present
study, we interviewed 21 participants from Canada, and
11 from seven other countries. We purposefully inter-
viewed participants from countries other than Canada, to
provide a broader international perspective on identify-
ing research priorities. Future studies can utilize these re-
search priorities in a Delphi process to inform a research
agenda for sports chiropractors.

Consistent with our previous work, sports chiroprac-
tors believed that research advancement in their field
should include sports-specific research priorities.!" This
present study extracted research topics that are unique to
sports-focused research that have not been identified as
priorities by previous chiropractic research agenda stud-
ies.”*!* This is evidenced by the research themes chiro-
practic research in sport, specific conditions and topics
in sport, and contributing to the broader sports research
effort, that emerged from our qualitative analysis. Inter-
estingly, the former research theme is primarily focused
on research specific to chiropractic, and the two latter
themes refer to general sports research not exclusive to
the chiropractic profession. There have been arguments
amongst experts about what constitutes sports chiroprac-
tic research. Is it research about the chiropractic profes-
sion and its clinical methods applied to sport, and does it
also include sports research unrelated to the chiropractic
profession conducted by chiropractors? Our identification
of the two themes — specific conditions and topics in sport
and contributing to the broader sports research effort —
provides evidence that sports chiropractic researchers and
leaders consider the contribution of their members to the
broader sports research effort a component of research that
should be conducted by sports chiropractors. Also, given
that sports healthcare teams are often inter-disciplinary,
some of the experts interviewed made mention of the
importance of having sports chiropractors on multi-disci-
plinary research teams investigating key sports healthcare
research topics, such as concussion. Given these findings,
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we propose utilizing the term “sports-focused research
for chiropractors” as a more encompassing label of the
research effort that is conducted by sports chiropractors
instead of the term “sports chiropractic research”. This
distinction may help provide a broader framework for
understanding sports chiropractors and their contributions
to research.

While some of the areas of research identified were
broad and general, such as basic science and mechanism
research and clinical research, the sport-specific focus of
the research priorities identified was observed within all
research themes. For example, the study of biomechanics
was often discussed applied to the sports setting and in
the prevention of sports injuries. Also, the study of vari-
ous interventions, such as spinal manipulative therapy,
soft tissue therapy and extremity manipulative therapy
was often discussed in relation to outcomes of sports
performance, return to play and recovery. Additionally,
within the theme of population health, research priorities
identified were specific to certain athletic populations,
such as the study of elite, masters-level and pediatric ath-
letes.

Similarly, while the theme collaboration in research
was identified in previous studies investigating research
priorities for the general chiropractic profession'*'*, many
research collaborations identified in our study were specif-
ic to the sport context. Collaborations amongst different
sports healthcare providers and their respective member
organizations were identified, such as sports medicine
physicians, orthopedic surgeons, sports physiotherapists,
sports massage therapists and athletic trainers to name
a few. Also, collaborations with the sports community
(sports organizations, coaches and athletes) were identi-
fied as an important partnership integral to advancing the
sports-focused research effort. In addition to sport-specif-
ic collaborations, many of our interviewees made men-
tion of the importance of collaborating with academic
institutions, such as universities, and intra-professionally
with chiropractic researchers and chiropractic educational
institutions.

In addition to identifying research topics unique to
sport and sports chiropractic, the extracted priorities also
identified research topics that were common to previous-
ly published chiropractic Delphi studies investigating re-
search priorities.”*!* Similar themes across these studies
include basic sciences, clinical, and population health re-
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search. Overlapping sub-themes, such as dose-response
and safety of spinal manipulative therapy were also iden-
tified.!*!* It is not surprising the sports chiropractic field
share common research priorities with the general chiro-
practic profession, as some areas of research (e.g., treat-
ment safety) has applicability to the entire profession,
including its sub-disciplines. We believe it is important
to identify areas of overlapping priorities in general and
sports-focused chiropractic research, as collaborative re-
search efforts involving these common research topics
could improve investigative capacity within these priority
areas.

Limitations and future directions
The limitations of this present study include the possibil-
ity of sampling and responder bias. We used purposive
sampling to identify chiropractic researchers and leaders;
however, it is possible that we may have missed identi-
fying key experts. Additionally, depending on the avail-
ability and geographical locations of the interviewees,
we used three different interviewing mediums (online via
Skype, in-person and telephone) to conduct the individ-
ual semi-structured interviews. Recent studies comparing
features of qualitative datasets generated from in-person
and online interviews have found modest differences in
the amount of data provided by participants, but very
little difference in the thematic content of responses.”®?
Mixed evidence has also been reported of an “online dis-
inhibition effect” during online interviewing, where par-
ticipants may be more likely to express socially unsanc-
tioned or highly personal opinions or behavior in online
settings.*® For the present study, online and telephone
interviewing were conducted to deal with the geographic-
al dispersion and preferences of the researchers we sought
to interview. It is possible that the different interviewing
modes may have impacted the data collected. However,
given the results of previous studies?®? comparing online
versus in-person interview methods, we suspect this had
minimal impact on our overall analysis.

Another limitation is our study was weighted toward
a North American sample (66% and 13% of participants
were from Canada and the United States of America, re-
spectively). Our results should be interpreted with this
bias in mind. While we are confident that we reached
data saturation during the coding process, it is unknown
whether a random sample of experts or the inclusion of
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more sports chiropractic experts from different countries
would yield different results in our qualitative analysis.
Also, despite our attempts to focus on the study’s aim and
limit our own biases, with the nature of qualitative an-
alysis, it is possible that the data interpretation may have
yielded different results if analyzed from a different per-
spective.

Future research can utilize the results of this study to
inform the development of seed statements for research
prioritization Delphi studies. To minimize the region-
al bias of our results, we recommend that future Delphi
studies revise these research priorities in consultation
with regional experts prior to conducting the Delphi pro-
cess. Also, participants of the Delphi panel can be given
the opportunity to suggest additional research priorities
on the first round Delphi questionnaire. In the present
study, we did not make any comparisons in the qualita-
tive data between participants from different regions or
between those holding different roles (e.g., researcher or
organizational leaders) as it was determined to be beyond
the scope of this study. It is possible contrasting opinions
may exist. Future qualitative studies can be conducted to
explore this topic, and subgroup analyses from Delphi
studies can be conducted to explore regional or role dif-
ferences in research priorities.

Conclusions

To the authors’ knowledge, this is the first qualitative
study that investigated the opinions of sports chiroprac-
tic researchers from eight countries in the world and
Canadian sports chiropractic organization leaders about
sports-focused research priorities for chiropractors. This
study identified 150 individual research priorities and
three major research themes. The majority of research
priorities identified were unique to the sports context. In
addition to extracting research priorities that were specif-
ic to the chiropractic profession, the experts interviewed
emphasized the importance of having sports chiropractors
collaborate and contribute to the broader sports research
effort that is shared by all professionals working in the
sports community. The research priorities identified in
this study can be utilized by researchers, sports chiroprac-
tic organizations and academic institutions to plan future
research prioritization studies to inform a research agenda
for the sports chiropractic field.
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Appendix 1.
Search strategy example

PubMed searches

* (((Bursitis) OR “Bursitis”’[Mesh])) AND (((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh])))

* (((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))) AND ((hockey) OR
“Hockey”[Mesh])

* (((“Baseball”’[Mesh]) OR baseball)) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

* (((“Soccer”’[Mesh]) OR soccer)) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

* (((running) OR “Running”[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”[Mesh]))

* (((“Football”[Mesh]) OR football)) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

* (((rugby) OR “Football”’[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

e (sprint*) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))

e (((“Tennis”’[Mesh]) OR tennis)) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

* ((((((“Martial Arts”’[Mesh]) OR Martial arts) OR tackwondo) OR karate) OR Judo)) AND ((chiropract*) OR
(“Chiropractic’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))

* ((((Cycling) OR “Bicycling”’[Mesh]) OR bicycling)) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR
“Manipulation, Chiropractic”’[Mesh]))

* (((swimm*) OR “Swimming”[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

* (((endurance) OR “Physical Endurance”’[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

* (((Basketball) OR “Basketball”’[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”[Mesh]))

* (((skiing) OR “Skiing”[Mesh])) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

e (snowboarding) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

* (((gymnastics) OR “Gymnastics”’[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

* (((Danc*) OR “Dancing”’[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

* (Rowing) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

* (((“Racquet Sports”’[Mesh]) OR Lacrosse)) AND ((chiropract®*) OR (“Chiropractic’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

e (speed skating) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))

e (Figure skating) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

* ((((track and field)) OR (“Track and Field”[Mesh]))) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR
“Manipulation, Chiropractic”’[Mesh]))
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(triathl*) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

(((Diving) OR “Diving”[Mesh])) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation,
Chiropractic”[Mesh]))

((((((squash) OR Lacrosse) OR “Racquet Sports”’[Mesh]) OR Badminton OR Tennis))) AND ((chiropract*) OR
(““Chiropractic’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))

(Luge) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

(bobsled) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))
(((“Wrestling”’[Mesh]) OR Wrestl*)) AND ((chiropract*) OR (“‘Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(motorcross) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))
(((*“Volleyball [Mesh]) OR volleyball)) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(archery) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

(((boxing) OR “Boxing”[Mesh])) AND ((chiropract*) OR (“Chiropractic”[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(kayaking) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

(Canoeing) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))

(((golf) OR “Golf’[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(((menisc* AND injury) OR (“Meniscus”’[Mesh] OR “Tibial Meniscus Injuries”[Mesh] OR “Menisci,
Tibial”’[Mesh]))) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))
(((*“Triangular Fibrocartilage”[Mesh]) OR triangular fibrocartilage complex)) AND ((chiropract*) OR
(“Chiropractic’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

(((prp injection) OR platelet rich plasma therapy)) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(((graston technique) OR instrument assisted soft tissue)) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR
“Manipulation, Chiropractic”’[Mesh]))

(((ART) OR active release technique)) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(((“Therapy, Soft Tissue”’[Mesh]) OR soft tissue therapy)) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR
“Manipulation, Chiropractic”’[Mesh]))

(((tendon injury) OR “Tendon Injuries”’[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(((Tendinopathy) OR “Tendinopathy”[Mesh])) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(((concussion) OR (“Brain Concussion”[Mesh] OR “Post-Concussion Syndrome”’[Mesh]))) AND ((chiropract*) OR
(“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

((((““Anterior Cruciate Ligament”’[Mesh] OR “Anterior Cruciate Ligament Injuries”[Mesh] OR “Anterior Cruciate
Ligament Reconstruction”[Mesh])) OR anterior cruciate ligament)) AND ((chiropract*) OR (“Chiropractic”’[Mesh]
OR “Manipulation, Chiropractic”’[Mesh]))

(((((““Posterior Cruciate Ligament”’[Mesh] OR “Posterior Cruciate Ligament Reconstruction”[Mesh])) OR Posterior
cruciate ligament))) AND ((chiropract®*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))
(((medial collateral ligament) OR “Medial Collateral Ligament, Knee”[Mesh])) AND ((chiropract*) OR
(“Chiropractic’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

(lateral collateral ligament knee) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))
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((((“Rotator Cuff’[Mesh] OR “Rotator Cuff Injuries”’[Mesh] OR “Shoulder Impingement Syndrome”[Mesh])) OR
rotator cuff)) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))
(((patellofemoral pain syndrome) OR “Patellofemoral Pain Syndrome”[Mesh])) AND ((chiropract*) OR
(“Chiropractic’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

(((stress fracture) OR “Fractures, Stress”’[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(((fracture) OR ((“Fracture Healing”[Mesh]) OR “Fractures, Bone”’[Mesh]))) AND ((chiropract*) OR
(“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

(((tennis elbow) OR “Tennis Elbow”[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(((golfers elbow) OR “Elbow Tendinopathy”[Mesh])) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR
“Manipulation, Chiropractic”’[Mesh]))

(little league shoulder) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))
(little league elbow) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))
(scapular dyskinesis) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))
((((““Hamstring Muscles”’[Mesh] OR “Hamstring Tendons’[Mesh])) OR hamstring strain)) AND ((chiropract*) OR
(“Chiropractic’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))

(((ankle sprain) OR “Ankle Injuries”[Mesh])) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(((exercise-related transient abdominal pain) OR runners stitch)) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR
“Manipulation, Chiropractic”’[Mesh]))

(athletic pubalgia) AND ((chiropract*) OR (“Chiropractic’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))
(((femoroacetabular impingement) OR “Femoracetabular Impingement”’[Mesh])) AND ((chiropract*) OR
(“Chiropractic’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

((((1abral tear) OR labral injury) OR “Rotator Cuff Injuries”’[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh]
OR “Manipulation, Chiropractic”[Mesh]))

(((shoulder dislocation) OR “Shoulder Dislocation”[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR
“Manipulation, Chiropractic”’[Mesh]))

(((acromioclavicular joint injuries) OR “Acromioclavicular Joint”’[Mesh])) AND ((chiropract*) OR
(“Chiropractic’[Mesh] OR “Manipulation, Chiropractic’[Mesh]))

((((“Emergency Medical Services”[Mesh] OR “Emergency Treatment”’[Mesh])) OR emergency care)) AND
((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))

(((myositis ossificans) OR “Myositis Ossificans”’[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR
“Manipulation, Chiropractic”’[Mesh]))

(apophysitis) AND ((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh]))
(posterolateral corner knee) AND ((chiropract®) OR (“‘Chiropractic”’[Mesh] OR “Manipulation,
Chiropractic”’[Mesh]))

(((iliotibial band syndrome) OR “Iliotibial Band Syndrome”[Mesh])) AND ((chiropract*) OR (“Chiropractic”’[Mesh]
OR “Manipulation, Chiropractic”’[Mesh]))

(((carpal tunnel syndrome) OR “Carpal Tunnel Syndrome”[Mesh])) AND (((chiropract*) OR (“Chiropractic’[Mesh]
OR “Manipulation, Chiropractic’[Mesh])))

((((shin splints) OR medial tibial stress syndrome) OR “Medial Tibial Stress Syndrome”’[Mesh])) AND
(((chiropract*) OR (“Chiropractic”’[Mesh] OR “Manipulation, Chiropractic”’[Mesh])))

(((performance) OR “Athletic Performance”[Mesh])) AND (((chiropract®) OR (“Chiropractic”’[Mesh] OR
“Manipulation, Chiropractic”’[Mesh])))
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* (((achilles tendon rupture) OR “Achilles Tendon”[Mesh])) AND (((chiropract*) OR (“Chiropractic’[Mesh] OR
“Manipulation, Chiropractic”’[Mesh])))

ICL Searches

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Hockey\” OR All Fields:Hockey

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Baseball\” OR All Fields:Baseball

¢ Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\”Soccer\” OR All Fields:Soccer

¢ Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract® AND Subject:\"Running\” OR All Fields:Running

 Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Football\” OR All Fields:Football

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract® AND All Fields:Rugby

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Sprint*

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Tennis\” OR All Fields:Tennis

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Martial Arts\” OR All
Fields:Martial Arts

* Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Bicycling\” OR All
Fields:Bicycling OR All Fields:Cycling

e Subject:\"Manipulation, Chiropractic\”” OR All Fields:Chiropract* AND Subject:\"Swimming\” OR All
Fields:Swimming

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Physical Endurance\” OR All
Fields:Endurance

* Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Basketball\” OR All
Fields:Basketball

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\’Skiing\” OR All Fields:Skiing

¢ Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND All Fields:snowboarding

¢ Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Gymnastics \” OR All
Fields:Gymnastics

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract® AND Subject:\"Dancing\” OR All Fields:Dancing

* Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Rowing

¢ Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Lacrosse

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Speed Skating

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Figure Skating

* Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Track and Field \” OR All
Fields:Track and Field

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields: Triathl*

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Diving\” OR All Fields:Diving

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Racquet Sports\”” OR All
Fields:Racquet sports

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract® AND All Fields:Luge

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract® AND All Fields:Bobsled

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Wrestling\” OR All
Fields:Wrestling

¢ Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND All Fields:Motorcross

 Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND All Fields: Volleyball

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Archery

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Boxing\” OR All Fields:Boxing

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND All Fields:Kayaking
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Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Canoeing
Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Golf\” OR All Fields:Golf
Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\”Menisci, Tibial\” OR All
Fields:Meniscus

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Triangular Fibrocartilage / injuries
\” OR All Fields:Triangular fibrocartilage complex

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Platelet-Rich Plasma\” OR All
Fields:Platelet Rich Plasma Therapy

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\”Graston Technique\” OR All
Fields:Graston OR All Fields:Instrument assisted soft tissue

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\” Active Release Technique\” OR
All Fields:Active Release Technique

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Therapy, Soft Tissue\”” OR All
Fields:Soft Tissue Therapy

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Tendon Injuries\” OR
Subject:Tendon injury

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Tendinopathy\” OR All

Fields: Tendinopathy

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Brain Concussion\” OR All
Fields:Concussion

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\” Anterior Cruciate Ligament\” OR
All Fields: Anterior Cruciate Ligament

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Posterior Cruciate Ligament\” OR
All Fields:Posterior Cruciate Ligament

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Medial Collateral Ligament,
Knee\” OR All Fields:Medial Collateral Ligament

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Lateral Collateral Ligament
Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Rotator Cuff\” OR All
Fields:Rotator Cuff

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Patellofemoral Pain Syndrome\”
OR All Fields:Patellofemoral Pain Syndrome

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Fractures, Bone\” OR All
Fields:Fracture

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Tennis Elbow\” OR All
Fields:Tennis Elbow

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Golfer\’s elbow
Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Little league shoulder
Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND All Fields:Little league elbow
Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND All Fields:Scapular dyskinesis
Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Hamstring strain
Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\” Ankle Injuries\” OR All

Fields: Ankle sprain

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\” Abdominal Pain\” OR All
Fields:Exercise related transient abdominal pain

Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND All Fields: Athletic pubalgia
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e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Femoroacetabular Impingement\”
OR All Fields:Femoroacetabular impingement

 Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Labral tear

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract® AND Subject:\"Shoulder Dislocation\” OR All
Fields:Shoulder Dislocation

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\” Acromioclavicular Joint\” OR All
Fields: Acromioclavicular joint

¢ Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Emergency Medical Services\” OR
All Fields:Emergency care

* Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract® AND Subject:\"Myositis Ossificans\” OR All
Fields:Myositits Ossificans

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND All Fields: Apophysitis

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND All Fields:Posterolateral corner syndrome

¢ Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract® AND Subject:\"Iliotibial Band Syndrome\” OR All
Fields:Iliotibial Band Syndrome

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\"Carpal Tunnel Syndrome\” OR All
Fields:Carpal Tunnel Syndrome

¢ Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND All Fields:Medial tibial stress syndrome

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\”Athletic Performance\” OR All
Fields:Performance

* Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract* AND Subject:\” Achilles Tendon\” OR All
Fields: Achilles Tendon

e Subject:\"Manipulation, Chiropractic\” OR All Fields:Chiropract®* AND Subject:\"Bursitis\” OR All Fields:Bursitis
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Appendix 2.
Information power analysis of the present study — utilizing the framework by Malterud et al.?*

Higher information power — Lower information power

Study aim

Narrow Our aim in this study is to identify and extract research priorities from interviews with sports Broad
chiropractic researchers and leaders. This aim sits in the middle of the spectrum of narrow and broad

aims.

Sample specificity

Dense We will be sampling from a dense and specific sample. We will use purposive sampling methods to Sparse
target participants that have characteristics that are highly specific to the study’s aim. Our sample will
M be comprised of specialized experts in the sports chiropractic field, which is a relatively small field of
study.

Established theory

Applied This is a second phase study in a three-phase plan to develop a research agenda for sports None
chiropractors. The first phase study interviewed sports chiropractors and explored their discourse
EI about their opinions about research direction using quantitative text analysis methods."" This phase

one study provided some applied theory about the research question sought in this present study and
informed the development of the interview guide for this qualitative study. Previous Delphi studies
that investigated research priorities for the general chiropractic field have categorized research
priorities into research themes and categories.'>' These previous studies helped guide our methods
for this present study.

Dialogue
Strong This qualitative study will interview researchers and leaders from the sports chiropractic field Weak
about research priorities. This is a topic area that our participants will be highly familiar with.
EI Moreover, the investigators of this present study are also sports chiropractic researchers who possess
sufficient knowledge about the topic area to facilitate strong dialogue during the interviews to obtain

information related to this study’s research aim. In addition, the preceding phase one exploratory
study'! helped inform the topics likely to be encountered in the interviews, and it helped inform the
interview guide for this present study. Considering these factors, we anticipate a strong dialogue
between the interviewers and the participants.

Analysis
Case This is a qualitative description study designed to identify research priorities from researchers and Cross-
leaders from the sports chiropractic field. The unit of analysis will be the interview transcripts for case
EI each participant. We will be conducting a qualitative content analysis of the interview transcriptions
using an interpretivist perspective. The intention of an interpretivist approach is to describe and

interpret, but not to develop a substantive theory. We will be extracting research priorities and themes
from the transcripts. We will be interviewing researchers and leaders from the sports chiropractic
field from different geographical regions; however, we will not be conducting any cross-case analyses
between the participants or groups of participants in our analysis.

Smaller Sample Size (n) . Larger Sample Size (n)

After analyzing this study’s characteristics against these items theorized to impact the information power of the data
that we intend to gather, and guided by a previous investigation that demonstrated data saturation in interview studies
can occur in homogenous samples as low as 6 to 8 subjects to up to 12 to 30 subjects when looking for disconfirming
evidence or trying to achieve maximum variation,” we anticipate a sample size of approximately 20-30 participants.
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Appendix 3.
Interview guide

A qualitative study investigating research priorities and
investigative capacity in sports-focused chiropractic re-
search.

Introduction

Thank you for participating in this interview/focus group.
We are investigating research priorities and investigative
capacity in sports-focused chiropractic research. Please
note that this interview/focus group will be audio re-
corded and all information collected will be confidential.
Please note this is a voluntary process, and your consent
may be withdrawn at any time.

For the purposes of our interview/focus group today,
“Sports-focused research” is defined as a field of research
directly related or relevant to anyone involved in the sport,
athletic, or exercise community. These topics may include
but are not limited to the following: injuries, injury preven-
tion, treatment, rehabilitation, biomechanics, performance,
assessment metrics, nutrition, epidemiology, diagnostic im-
aging, emergency care, athletic event coverage, team travel,
education, exercise physiology, and sport psychology.

Describe the purpose for the interview or focus group

e Identify research priorities that can be utilized as vot-

ing items in a future Delphi study to determine a con-
sensus of a research agenda in sports chiropractic.

e Gain insight into research capacity issues within

sports-focused chiropractic research.

Outline the rules and procedures for the interview or
focus group

¢ This session will be audio recorded, and will be tran-
scribed and analyzed by the investigators. Confiden-
tiality will be maintained as identified by the consent
form provided upon entry to the study.

* Once transcribed, you will receive a copy of your re-
sponses. You may choose to alter your responses or
remove them entirely if you wish.

e All comments are important, please express your
opinions freely.

(Focus group only)

* | would like to walk you through the consent form
that is in front of you (go through consent form).
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e First and foremost, everyone’s views are welcome
and important.

* We will be audio recording this focus group inter-
view, and upon transcription we will be removing
your names from any transcripts by using a unique
pseudonym instead of your name.

* While we may identify and present quotes from the
discussion in our published reports or presentations,
we will use a pseudonym so that we can protect your
confidentiality.

* Because of the nature of small communities or groups,
it is possible that people could link participants in
this room to quotes in our report/presentations. This
is why we need to talk about confidentiality.

¢ In a small community like sports chiropractic in Can-
ada, it is possible that people may be identifiable to
some degree by their views and opinions. As a re-
sult, we ask that all participants keep what has been
shared in this focus group confidential, and do not
share what was said to others outside of this room.

* Having said this, and having made these requests, we
cannot guarantee that the request will be honoured by
everyone in the room. Inherent in focus group stud-
ies, there is a risk that information discussed might
be shared to others outside of the study.

* So, we are asking you to make only those comments
that you would be comfortable making in a public
setting; and to hold back making comments that you
would not say publicly.

e Overall, anything heard in the room should stay in
the room.

e A few other housekeeping rules: Please allow one
person to speak at a time so that the audio recording
is captured clearly, and please identify yourself with
your first name when you speak, unless the facilitator
does so for you.

Facilitator: XXXXX

Observers/Recorders: XXXXXX

Since we are aiming to identify as many research prior-
ities as possible in this study to help develop a Delphi
study to obtain consensus on a research agenda, please
expand as much as possible in your answers
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Section 1: Research Priorities Questions

1.

What research do you think we need to conduct to
advance the sports chiropractic field?

PROBES: Research that will enhance the profes-
sion, or advance the science of sports chiropractic
practices

What research do you think would impact sports-fo-
cused chiropractic clinical practice the most?

PROBES: Clinical practice guidelines, Topics and
consensus statements around diagnosis or treatment

What research do you think would impact sports
chiropractic field work the most?

PROBES: Event coverage, Performance, Emer-
gency care

Where do you feel sports-focused chiropractic re-
search is lacking?

PROBES: Quantity of research, Quality of method-
ology, Specific research topics

What research do you think would improve inter-
professional relationships and collaboration? (Be-
tween professions, eg. chiro/physio/AT/MD/bio-
mechanists/nutritionists/physiologists/etc.)
PROBES: Research with other professions such as
orthopedic surgeons and topics such as post-opera-
tive treatment/rehab/recovery time

What research do you think would improve intra-
professional relationships and collaboration? (with-
in our own profession)

PROBES: Research with other chiropractors such
as SMT or STT research

What collaborations could benefit sports-focused
research?

PROBES: Universities,
Sports Medicine Doctors

Orthopedic  Surgeons,

What research would help set sports chiropractic
apart from other sports healthcare providers?
PROBES: Research that defines a niche for sports
chiropractors such as SMT and performance

J Can Chiropr Assoc 2021; 65(3)

9. What sports-focused chiropractic research do you
feel could benefit patients/athletes the most?
PROBES: Research that could impact the patients
or athletes such as rehab protocols, return to play
guidelines

End this section with this question —

10. Since we are aiming to identify as many research
priorities as possible in this study to help develop
a Delphi study to obtain consensus on a research
agenda, are there any other research priorities
you have not mentioned that you can think of that
would help us further advance the sports chiroprac-
tic field?

Ifrequired, see “Additional Interview Guide Probes” docu-
ment for possible follow-up probes that are topic-specific
to Athletic Event Coverage, Biomechanics, Diagnostic
Imaging, Education, Emergency Care, Epidemiology, Ex-
ercise Physiology, Injuries (Concussion, Tendinopathies,
etc.), Injury Prevention, Nutrition, Performance, Position
Statements, Rehabilitation, Spinal Manipulative Therapy,
Sports Psychology, Team Travel, and Treatment.

Section 2: Research Capacity Questions
In this section of the interview, we will be asking you
questions about Research Capacity within the sports
chiropractic field. When thinking about your answers for
this section, please keep in mind one of the aims of our
study is to identify research capacity issues within our
field, and obtain opinions on how to address them.

11.  How can we improve the research capability and
capacity within the sports chiropractic field?
PROBES: Ways to improve our ability to conduct
research, Do you have opinions on how to solve it?

12. Do you have any opinions on how we can build our
resources to successfully conduct sports-focused
research in our field?

PROBES: Reach out to NSOs, Collaborate

13.  What do you see as barriers to conducting research
in chiropractic and sport?
PROBES: Finances, Time, Logistics
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14.  What do you see as enablers for research success in
chiropractic and sport?
PROBES: Grants for sports-focused research,
NSOs

15. What do you see are the opportunities for chiro-
practic research in sport?
PROBES: Research collaborations, Professional
athlete research

16.  What can individual sports-focused chiropractors
do to improve our potential to conduct research?
PROBES: Collaborate, Share resources and know-
ledge

17.  How do we go about building sustainable research
programs in chiropractic and sport?
PROBES: Collaborations, Funding initiatives

18.  What types of research methodology would you
like to see in sports-focused chiropractic research?
PROBES: Prospective studies, RCT, Case studies

19. Since one of the aims of our study is to identify
research capacity issues within our field, and obtain
opinions on how to address them. Prior to ending
this interview, are there any other research capacity
issues you can think of, and possible solutions on
how to address them?

Additional interview guide probes

Additional Interview Guide Probes
This document includes topic-specific probes to be used
with the interview guide questions if required.

PART 1: RESEARCH INITIATIVES

Athletic Event Coverage
PROBES: Emergency care, Injury prevention, Per-
formance enhancement

Biomechanics

PROBES: Throwing mechanics, Hip mechanics,
Gait mechanics
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Diagnostic Imaging
PROBES: US, MRI, MRA, fMRI, bone scan, CT,
ECG, Education/Training, Referral rates

Education
PROBES: sports chiropractic education, Inter-
professional education — Orthopedic surgeons,

Sports medicine Medical Doctors, Physiotherapists

Emergency Care
PROBES: emergency preparedness, protocols for
equipment removal, first aid, etc.

Epidemiology
PROBES: Populations — Elite athletes, Competitive
athletes, Non-competitive athletes, Adolescents,
Seniors, Adults, injury rates, injury surveillance

Exercise Physiology
PROBES: Chronic exercise adaptations, Metabolic
changes, Acute response to exercise, overtraining,
sports specialization, performance enhancement

Specific Injuries (Concussion, Tendinopathies, etc)
PROBES: Treatment, Management, Prevention,
Rehabilitation, Diagnosis, Return to Play, Diagnos-
tic accuracy, injury prevention

Injury Prevention
PROBES: How to prevent injuries, What injuries
are preventable, which injuries to study for preven-
tion, manual therapy (SMT/STT/Taping) for pre-
vention

Nutrition
PROBES: Performance enhancement, Exercise re-
covery

Performance
PROBES: Speed, Agility, Reaction time, Dose-re-
sponse, When to treat, validity studies, outcome
measure, specific interventions

Position Statements
PROBES: Concussion, Burn out, Nutrition, cap-
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acity to conduct position statements, collaborate on
position statements

Rehabilitation
PROBES: development of specific rehabilitation
protocols, post-surgical rehab, specific injuries

Spinal Manipulative Therapy/ Extremity Manipulative
Therapy
PROBES: mechanisms, clinical trial, perform-
ance, dosage, types of adjustments

Sport Psychology
PROBES: is this important, what type of research,
affect clinical practice

Team Travel
PROBES: Frequency of treatment, Utilization

rates, Type of treatment provided

Treatment
PROBES: Treatment protocols, Effectiveness, mo-

J Can Chiropr Assoc 2021; 65(3)

dalities, manual methods, soft tissue, biological ef-
fects, clinical trials, pre-operative care, post-opera-
tive care

PART 2: RESEARCH CAPACITY

Barriers
PROBES: Finances, Logistics, Resources, Time,
prioritize barriers, how to overcome them

Enablers
PROBES: how to increase research capacity, how
to leverage enablers, individual chiropractor con-
tributions

Sustainability
PROBES: funding, mentorship, collaborations,
how to take advantage of enablers

Methodology

PROBES: types of methodology for sports re-
search, performance research
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A clinical crossover trial of the effect of
manipulative therapy on pain and passive and
active range of motion of the painful hip
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Objectives: This study aims to determine whether
manipulative therapy of the hip joint can increase range
of motion (ROM) and/or decrease pain in individuals
experiencing symptomatic hip pain.

Methods: Non-disabled young adults were recruited
on campus of a chiropractic college for this randomized
crossover study. Subjects’ hip active and passive ROM
and pain perception were measured. Subjects then
received a drop-piece hip manipulation (DPHM) or an
alternative treatment, followed by measurement of active
and passive ROM and pain.

Results: Eight males and 12 females (n=20) between
the ages of 21-32 years completed the study. Statistically
significant improvements in numeric pain scale
(NRS) and passive abduction were observed for the
manipulation group when compared to the alternative

Essai clinique croisé sur 1’effet des manipulations sur la
douleur et I’amplitude des mouvements actifs et passifs
de la hanche douloureuse
Objectifs : Cette étude vise a déterminer si les
manipulations de la hanche peuvent augmenter
I’amplitude du mouvement et/ou diminuer la douleur
chez les personnes ayant des douleurs a la hanche.
Meéthodologie : On a recruté de jeunes adultes non
handicapés sur le campus d’un college chiropratique
pour participer cette étude croisée a répartition
aléatoire. L’ amplitude des mouvements actifs et passifs
de la hanche et la perception de la douleur ont été
mesurées. Les sujets ont ensuite subi des manipulations
de la hanche sur une table a sections mobiles qui chutent
ou un autre traitement, puis on a mesuré I’amplitude des
mouvements actifs et passifs et lintensité de la douleur.
Résultats : Huit hommes et 12 femmes (n=20) dgés de
21 a 32 ans ont participé a I’ étude. Des améliorations
statistiquement significatives sur [’échelle numérique de
la douleur et de I’abduction passive ont été observées
dans le groupe ayant eu des manipulations par rapport
a lautre traitement. Aucun changement significatif
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treatment. No significant change was observed for all
other hip ranges.

Conclusions: DPHM of the symptomatic hip joint in
a small sample of young adults resulted in statistically
significant improvements in pain and passive abduction
when compared to sham manipulation. Due to low
sample size, further research is recommended.

(JCCA. 2021;65(3):318-329)

KEY WORDS: hip joint, pain, ROM, manipulation,
symptomatic, drop piece, chiropractic

M Kazemi, S Leguard, S Lilja, S Mahaise

d’amplitude n’a été observé pour les autres mouvements
de la hanche.

Conclusions : Les manipulations sur table a
sections mobiles qui chutent pour traiter la hanche
symptomatique sur un petit échantillon de jeunes adultes
a permis d’obtenir des améliorations statistiquement
significatives de la douleur et de I’abduction passive par
rapport a la manipulation fictive. En raison de la faible
taille de I’échantillon, des recherches supplémentaires
sont recommandées.

(JCCA. 2021;65(3):318-329)

MOTS CLES : articulation de la hanche, douleur,
amplitude du mouvement, manipulation, symptomatique,
table chiropratique a sections mobiles qui chutent,
chiropratique

Introduction

Poor levels of hip joint range of motion (ROM) have
been shown to be an indication for future hip replacement
surgery. According to the Canadian Joint Replacement
Registry (CJRR) there were 47,075 hospitalizations for
hip replacements in Canada during the 2012-2013 year.
Of the total number of hip replacement cases, 76.5% were
due to osteoarthritis (OA).> A determinant of both self-re-
ported and observed disability in individuals with hip OA
is decreased ROM at the hip joint. Therefore, there may
be a positive relationship between optimal hip joint ROM,
and hip joint health.?

The hip joint is a multiaxial ball and socket synovial
joint that connects the lower limb and pelvic girdle by way
of the femoral head and the acetabulum.* To increase the
articular surface area, the acetabulum contains a labrum,
which allows nearly half of the femoral head to sit inside
it.* It is a highly mobile joint, second to only the glenohu-
meral joint, capable of many movements: flexion-exten-
sion, abduction-adduction, internal-external rotation, and
circumduction.* When the knee is bent, the hip is capable
of a high degree of flexion due to a lack of resistance from
the hamstring musculature.* In extension, fibers from the
iliofemoral ligament become taut and greatly limit exten-
sion ROM, especially when compared to flexion.* The hip
joint’s range of abduction is far greater than that of ad-
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duction, and the action of external rotation (ER) is much
more powerful than that of internal rotation (IR).*

Though the hip joint’s ROM is typically broad, a wide
range of pathological conditions can affect the hip joint’s
ability to move through its full ROM. Of these conditions,
two of the most prevalent pathologies affecting hip joint
ROM include OA and femoroacetabular impingement
(FAI).>* It is widely accepted that individuals with FAI
are predisposed to decreased ranges of motion at the hip
joint.5 Clinical findings have shown patients with FAI
to have a significantly decreased ROM in flexion, IR at
90-degree flexion, and abduction compared to patients
without hip joint pathology.® Patients with hip OA have
also been found to present with decreased hip ROM, nota-
bly in abduction, and internal/external rotation. In addi-
tion, a positive relationship exists between the progres-
sion of OA and the subsequent decrease in ROM at the
hip joint.

Various interventions have been used to facilitate a
change in ROM at the hip joint. Currently, traditional stat-
ic stretching, trunk muscle strengthening protocols, and
proprioceptive neuromuscular facilitation (PNF) are some
of the interventions used to attempt to increase ROM in in-
dividuals with and without hip joint pathologies.”'* Addi-
tionally, several studies have investigated the effects of hip
mobilization on both short and long-term changes in hip
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ROM.!""15 Beselga er al.!" found significant improvements
in hip flexion after a single treatment of mobilizations with
movement. Hoeksma er al.”> compared a manual therapy
program including manipulation and mobilizations to an
exercise program and found significantly better outcomes
in pain, stiffness, hip function, and hip range of motion
after 5 weeks. Mosler et al.”® studied changes in hip range
of motion after a 4-week manual therapy program in jun-
ior elite male water polo players and found significant
improvement in passive IR and ER. Estébanez-De-Miguel
et al."* examined the effects of three treatment sessions of
high force long axis distraction mobilization on passive hip
ROM when compared to low and medium force long axis
distraction mobilization. They found significant improve-
ments in passive flexion, extension, abduction, adduction,
IR, and ER in the high force group and no significant chan-
ges in the low and medium force groups.'* Stathopoulos'?
did a systematic review and meta-analysis regarding the
efficacy of mobilizations with movement on ROM of vari-
ous joints and found statistically and clinically significant
improvements in ROM consistently for hip pain. Current-
ly, there is limited evidence examining multiple ranges of
motion with a single intervention.

Another common and effective treatment used to treat
limitations in hip ROM is manipulation.'® Manipula-
tion involves the use of a high velocity, low-amplitude
(HVLA) thrust into a joint with various intents, including
the improvement in joint ROM.' Manipulation can also
include the use of tools to execute the procedure, includ-
ing an activator or a drop piece. The present study focuses
on the use of drop piece manipulation. Although no sup-
porting clinical evidence exists, drop-piece mechanisms
have been promoted as a technology for increasing the ef-
ficiency of manipulation.'” One explanation for this claim
suggests that the degree of adjustive effort and force may
be reduced. This is due to the drop piece decreasing the
counter-resistance of both the table and the patient. An-
other explanation is that the force of the manipulation is
enhanced by the counter-reactive force generated across
the joint when adjustive thrusts are maintained through
the impact of the drop piece.!® Both of these proposed ex-
planations consider Newton’s first law which states that a
body is in equilibrium if no force is acting upon it. If at
rest it remains so, if in action it persists in motion unless
an opposing motion is met. When drop pieces are used,
the thrust executed by the practitioner imparts motion to
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the targeted joint. This joint remains in motion until the
end of the drop.'®

Bergmann and Davis'® outline the basic procedure for
using a drop piece as follows: first, the targeted joint is
positioned over the drop section. Then, the drop section
is set, and its tension is checked. The tension should be
enough to support the patient’s weight without dropping,
but light enough so only minimal force is needed to over-
come the resistance.”® Finally, contacts are established
over the structure to receive the thrust, and a thrust is gen-
erated to make the section drop. This procedure is repeat-
ed for a total of three times."

The principal author had been using drop piece hip
manipulation for his patients in clinical practice and saw
significant improvement in their ROM and reduced pain
after the manipulation. Since there are no studies that
have used this type of manipulation on the hip joint, we
decided to investigate drop piece hip long axis manipula-
tion on hip ROM and pain.

Therefore, the purpose of this study was to examine
the changes in pain, and passive and active ROM at the
hip joint in patients with a hip complaint or limited ROM
at the hip following a femoral-acetabular manipulative
procedure compared to an alternative femoral-acetabular
treatment.

Methods

Design

The study was a randomized crossover design. Student
researchers were blinded to the type of intervention pro-
vided (drop-piece manipulation or alternative), and the
doctor was blinded to the measurements recorded before
and after the intervention. The participants were blinded
to whether they were in the manipulation or alternative
treatment group. Subjects were fitted with sensors compat-
ible with the Optotrak® System on bilateral aspects of
the pelvis and distal to the hip joint on the affected side
(Figure 1). Subjects were then asked to perform active
hip ROM, including flexion, ER, IR, abduction, and ad-
duction while in the supine position and hip extension in
the prone position (Figure 2). The researcher then helped
the subject to maintain a 90-degree bend at the knee, and
passive ROM with overpressure to the point of pain was
performed. Passive hip ROM was measured for flexion,
ER, IR, abduction, and adduction in the supine position
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and hip extension in the prone position (Figure 3). ROM
data was collected by the student researchers. Each set of
ROM was conducted one time before the intervention and
one time after the intervention, unless there was an error
in measurement with the Optotrak® sensor. If there was
an error, the single errored ROM was repeated. The sub-
jects did not warm-up prior to conducting ROM to simu-
late day to day clinic setting testing.

After the pre-intervention ROM was measured, the prin-
cipal investigator entered the room and received a sealed
opaque envelope with a slip of paper inside stating if the
subject was in the control or experimental group. The
student researchers then exited the room. The doctor pro-
ceeded with a drop-piece hip manipulation or alternative
treatment (see manipulation treatment and alternative treat-
ment below), then left the room. The student researchers
then re-entered the room and post-intervention ROM was
measured. In addition, the doctor resealed the allocation in
the envelope and returned it to the assessors who labeled
the envelope with ‘2’ to indicate the first intervention had
occurred. When the subject returned, at least a week later,
to receive the opposite treatment, the same procedure oc-
curred, however, when given the same sealed opaque en-
velope, the principal investigator performed the opposite
treatment which was stated on the cue card inside.

Participants

Participants were included in our study if they were
students enrolled at the Canadian Memorial Chiroprac-
tic College and if they were experiencing self-reported
symptomatic pain or limited ROM at the hip joint. Exclu-
sion criteria included any past hip surgery, knee replace-
ment, acute pain due to trauma, radicular pain, numbness
or tingling in the involved lower limb, avascular necrosis
of the femoral head, stress fracture of the hip joint, re-
ceived hip manipulation in the past week, severe arthritis
of the hip joint, and full ROM of the hip. Data collection
occurred between September 2018 and December 2019 in
the Biomechanics Lab of the Canadian Memorial Chiro-
practic College.

Interventions

Manipulation treatment
The patient was supine with the drop-piece under the
affected hip. The tension was set by determining the
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Figure 1.
Sensor placement
and digitization.

Figure 2.
Active hip extension measurement.

Figure 3.
Passive hip
extension
measurement
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Figure 4.
Manipulation treatment starting point.

amount necessary for the drop piece to engage under the
patient’s body weight and then increased by a 1/2 rota-
tion. The doctor took the patient’s affected leg with one
hand contacting the thigh proximal to the knee while the
other hand contacted the leg just proximal to the ankle
with 20-30 degrees of hip abduction and 15 to 20 degrees
of ER. The doctor initiated a postero-caudal long axis
thrust ending in 15 to 20 degrees of hip extension similar
to a whip motion, which engaged the drop-piece. (Figures
4 and 5). The doctor repeated the procedure 3 times.

Alternative treatment

The patient was supine with the drop-piece under the af-
fected hip. The tension was set by determining the amount
necessary for the drop piece to engage under the patient’s

Figure 6.
Alternative treatment starting point.

322

Figure 5.
Manipulation treatment end point.

body weight and then increased by a 1/2 rotation. The doc-
tor contacted the thigh with a one hand contact on the thigh
mid-way between the knee and hip (Figure 6). The doctor
initiated a purely anterior to posterior thrust into the table
with the other hand, which engaged the drop-piece (Figure
7). The doctor repeated the procedure 3 times.

Outcome measures

Outcome measures included passive/active hip ROM and
pain perception. ROM of the hip joint was measured in
extension, flexion, abduction, adduction, ER, and IR. Ex-
ternal and IR were performed with the knee flexed to 90
degrees. Pain perception was measured by a numeric pain
scale (NPS) (1-10) and was measured both before and af-
ter the intervention.

Figure 7.
Alternative treatment end point.
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Table 1.
Sample size and effect size estimate®!

Motion Side Rotation Mean SE SD Diff Effect size d
Active left internal 34.30 3.00 1342 6.86 0.51
Active left external 46.00 2.80 12.52 9.20 0.73
Active right internal 36.00 3.20 1431 7.20 0.50
Active right external 46.50 2.50 11.18 9.30 0.83
Passive left internal 44 40 3.10 13.86 8.88 0.64
Passive left external 45.50 2.20 9.84 9.10 0.92
Passive right internal 45.50 3.10 13.86 9.10 0.66
Passive right external 54.60 2.80 12.52 10.92 0.87
SE= Standard Error; SD= Standard deviation; Diff= Difference in mean; d= Cohen’s d

Sample size estimate

For a crossover design, the main statistical test was
a paired t-test comparing change in hip ROM with the
intervention of interest to change in hip ROM without
the intervention of interest. Sample size was set at twenty
for feasibility reasons. With significance a=0.05, power
1-p=0.80 for a two-sided paired t-test, 20 subjects were
found to be sufficient to detect an effect size of d=0.626,
as shown below:

d=((Z_(1-a/2)+Z_(1-B) )Wn= (1.96+0.84)V20=0.626

Using data from Aefsky ez al.*' for values of both internal
and external hip rotation measured in the prone position
with both active and passive motion, and considering a
change of interest in mean of 20%, the effect sizes ran-
ging from 0.50 to 0.92 were obtained (Table 1). There-
fore, the target of 20 subjects were found to be adequate
to detect an effect size of 0.62, capturing six of the eight
rows (highlighted) in Table 1.2>%

Randomization

Randomization occurred by labeling 20 cue cards with
either “manipulation treatment” (10 cards) or “alterna-
tive treatment” (10 cards). Each card was enclosed and
sealed within an opaque envelope. The envelopes were
shuffled by hand by the student investigators and then
chosen at random to be assigned to each subject. Each
subject’s assigned subject code was labelled on one en-
velope, which was stored and then handed to the princi-
pal investigator on the day each subject participated in
data collection.
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Statistical methods

Means with standard deviation, confidence intervals
(95%), a paired t-test and effect size estimates were used
to analyse the data. A dependent samples t-test was used
rather than a two-sample (independent) t-test in order
to account for within participant differences. This study
received ethics approval from the Canadian Memorial
Chiropractic College Research Ethics Board with approv-
al number: 1604A01.

Results

Twenty-one participants with a painful hip were screened
for eligibility criteria. All met the eligibility criteria
and agreed to participate in the study. One participant
dropped out due to personal reasons prior to commen-
cing data collection. Twenty participants completed the
study. Participant demographic information are summar-
ized in Table 2.

Table 2.
Participant demographics

Manipulation Alternative
No. of participants 10 10
Sex 2 males, 8 females 6 males, 4 females
Age (year) 23-31 21-32
Mean Age (year) 254 26.0
Weight (kg) 50.0-90.7 53.1-108.9
Mean Weight (kg) 69.2 77.0
Height (cm) 158.0-180.3 152.4-190.5
Mean Height (cm) 167.6 175.8
kg=kilogram; cm=centimeter
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Table 3.
Range of motion, changes in range of motion and differences between manipulation and alternative treatment -
statistical analysis results

Manipulation | Alternative Difference in change
change in change in (Manipulation —Alternative, bigger positive mean value indicates
ROM ROM more change with Manipulation than with Alternative)

ROM 3:;;:7% n Mea?’ ): SD Mea?’ ): SD Mea?’ ): SD | 95 %f, CI 95_‘7{:J CI t-statistic | df | p-value Esfifze:t
Abduction Passive | 12 | 106+ 13.2 -1.2+9.0 11.8+11.3 4.6 19.0 3.62 11 | 0.004* | 1.31%*
Active | 12 04+85 -3.8+12.8 41+17.0 -6.6 14.9 0.84 11| 0418 | 0.324

Adduction Passive | 17 24+69 -04+69 2.8+95 -2.1 7.7 1.20 16 | 0248 | 0417
Active | 17 37+£54 02+738 35+95 -14 8.3 1.50 16 | 0.153 | 0457

Extension Passive | 17 37100 03+9.0 34+145 -4.0 10.9 0.98 16 | 0.342 | 0.387
Active | 11 58+79 05+95 53+11.1 2.2 12.7 1.58 10 | 0.146 | 0.567

Flexion Passive | 20 | -0.6 +18.7 1.0+ 16.0 -15+£273 -14.3 11.3 -0.25 19| 0.804 | -0.09
Active | 20| 09189 36124 -2.6+264 -15.0 9.8 -0.44 19| 0.664 | -0.21

Internal Rotation Passive | 19 1.6 +£20.7 39+130 -23+£25.7 -14.7 10.1 -0.38 18| 0.705 | -0.18

Active | 19 6.1 +12.7 51118 1.1+17.9 -7.6 9.7 0.26 18 | 0.795 0.09
External Rotation Passive | 18 | 105+ 184 27+11.3 7.8 £24.0 42 19.7 1.38 17 | 0.187 | 0.69%*
Active | 19 94+1538 1.6+11.2 7.8+20.9 -2.3 17.9 1.63 18 | 0.121 | 0.70%**

ROM = range of motion; SD= standard deviation; df=differential; p-value< 0.05 significant; effect size: high**> 0.62, moderate” 0.30-0.61, low <0.29

Passive range of motion

Statistical analysis (Table 3) revealed a statistically sig-
nificant change in passive abduction (11.8 + 11.3, p =
0.004) in the manipulation treatment group when com-
pared to the alternative treatment group. No significant
change was observed for passive adduction (2.8 +9.5,p =
0.248), extension (3.4 = 14.5, p = 0.342), flexion (-1.5 £
27.3,p=0.804),1R (-2.3 £ 25.7, p =0.705), and ER (7.8
+240,p=0.187).

Active range of motion
Statistical analysis (Table 3) revealed no statistically
significant change in active abduction (4.1 + 17.0, p =

0.418), adduction (2.8 + 9.5, p = 0.248), extension (5.3
+ 11.1, p = 0.146), flexion (-2.6 + 26.4, p = 0.664), IR
(-23+25.7,p=0.705),and ER (7.8 £24.0,p=0.121) in
the manipulation group when compared to the alternative
treatment.

Numeric pain scale change

Statistical analysis (Table 4) showed significant improve-
ments in numeric pain scale after the manipulation (-1.05
+ 0.81, p<0.0001) and alternative treatments (-0.44 +
0.89, p=0.0351) when compared to before the treat-
ment. There was a statistically significant improvement
in numeric pain scale when the manipulation treatment

Table 4.
Analysis of change in numeric pain scale following manipulation and alternative treatments and the difference in change

n Mean =£SD | 95%CI-L | 95%CI-U | t-statistic df p-value | Effect Size
Manipulation 20 -1.05 £0.81 0.67 143 5.80 19 <0.0001 0.54
Alternative 20 -0.44 +0.89 0.03 0.87 227 19 0.0351 0.23
Difference in change
(manipulation-alternative) 20 -0.60 = 1.20 -1.16 -0.04 -2.24 19 0.0374 0.71
SD= standard deviation; df=differential; CI= confidence interval; p-value< 0.05 significant
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Table 5.
Perceived intervention received by rate of correct guess

Correct Guess Rate (%)

Initial visit 85

Crossover 75

was compared to the alternative treatment (-0.60 + 1.20,
p=0.0374).

Perceived intervention received

On average, the participants’ ability to correctly guess
which intervention that was received was 85% and 75%
for the initial visit and crossover visit, respectively (Table
5).

Effect size

Calculation of effect sizes (Table 3) revealed large effect
sizes for passive abduction (1.31) and ER (0.69), and
active ER (0.70). Moderate effect sizes were noted for
active abduction (0.32), adduction (0.45), and extension
(0.56) as well as passive adduction (0.41) and extension
(0.38). For the numeric rating scale results, the effect size
comparing change in pain with manipulation to change in
pain with sham was 0.71.

Discussion

This study evaluated the effects of femoral-acetabu-
lar high velocity low amplitude manipulation with drop
piece (HVLA MDP) compared to an alternative fem-
oral-acetabular procedure on pain perception and passive
and active ROM at the hip joint in symptomatic students
with a hip complaint and/or limited ROM at the hip.

In this study the Optotrak® system was used to meas-
ure active and passive hip ROM. Schmidt ef al. reported
all four Optotrak® systems they tested produced high
precision, repeatability and accuracy of under 10 pm
when the distance between the camera system and rigid
body was minimized to within the manufacturer’s recom-
mended range.** This procedure was used and followed
in the current study. However, although all hip ranges of
motion were measured in all 20 participants, some data
was omitted from statistical analysis due to corruption
that was not apparent during the initial measurement and
collection. The use of the Optotrak® system involved the
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use of wired sensors that were strapped to the participants’
hips and shanks. As stated previously, for the comfort of
the participants, the hip sensor was attached to a belt that
was wrapped tightly around the participants’ hips. Al-
though there was an intended effort to ensure all sensors
were securely fixed to the participants, especially during
the motion trials; there were cases the Optotrak® mark-
ers still slipped/shifted from their fixed position. In most
cases this marker slippage was caused by the participants
movement during hip flexion, when the participants thigh
would contact the Optotrak® marker itself. In other cases,
marker slippage was a result of the sensor straps loosening
up during testing. To address these issues: the Optotrak®
markers were strapped on a little tighter than usual, tape
was sometimes used, and/or the marker was repositioned
to prevent any of the participants anatomy from making
contact with the markers during testing. Even despite these
countermeasures, several trials were omitted because
marker slippage was hard to detect during data collection,
unless it was obvious to the tester (i.e., tester witnessed
the marker fall off or come undone). Sometimes it was not
until the visual 3D bone model was applied to the data and
successive trials compared to identify a definite marker
slippage. Therefore, the data for those trials were omitted,
leading to differing sample sizes for the statistical analysis
of each ROM, as seen in Table 3. The greatest omission of
data occurred for passive (n=12) and active (n=12) abduc-
tion as well as active extension (n=11). All ranges except
passive and active flexion were affected by this issue.

For the data that was analyzed, as summarized in Table
3, it was found that there was a significant increase in
passive abduction in the manipulation treatment in com-
parison to the alternative treatment.

There are numerous theoretical mechanisms of action
for manipulation therapy (MT). %" These theories are
based around three major concepts: the biomechanical
effects, the muscular reflexogenic effects and the neuro-
physiological effects.?® The hip joint is a synovial joint
and has synovial folds that are highly innervated and ca-
pable of generating pain. Hip synovial folds have been
reported to be involved in production of catching, locking
and clicking of the joint.”

MT is suspected to gap the joint, therefore reducing the
impaction on the trapped synovial folds and allowing it to
return to its normal position.”’*° This will allow the joint
to regain full or improved ROM.
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It has been reported that MT can have hypoalgesic
as well as muscle reflex effects.’’*> The hypoalgesic ef-
fects of MT can be attributed to the gate-control theory of
pain.?*?® The joint capsule and surrounding musculature
have numerous proprioceptors in the form of muscle spin-
dles and type I and type II afferents.?**® With MT, there is a
dynamic stretch to the tissue that will cause an increase in
afferent discharge from these receptors.’*” This increase
in afferent input will attenuate the pain sensation at the
dorsal horn, thereby creating a hypoalgesic effect.”® The
muscle-reflexogenic effects of MT are believed to occur
through the effects on the muscle spindles surrounding
the joint. As with the gate-control theory, during the act of
the manipulation, there is an increase in the afferent out-
put from the surrounding muscle spindles.**" Directly af-
ter MT, the muscle spindles become silent for a short per-
iod.*?7 After this silent period, the spindles return to firing
at their appropriate rate, which can cause a relaxation of
the surrounding muscles. The hip manipulation in this
study was done with 20-30 degrees of hip abduction. This
may have increased hip abduction by further stretching of
the hip capsule in abduction resetting the muscle spindle,
inhibiting the hip adductor groups, releasing of any syn-
ovial fold entrapment, gaping the joint and resulting in
increased abduction and decreased pain.2*26-2%-31-37

Although statistical significance was found only for
passive abduction, the effect sizes appear to show a mod-
erate to high trend towards improvement in ROM follow-
ing manipulation for active and passive ER (effect size
=0.70 and 0.69 respectively). Effect size is a quantitative
measure of the magnitude of the experimental effect. The
larger the effect size the stronger the relationship between
two variables. The higher effect sizes in ER may also
have been due to the direction of the manipulation which
included 15 to 20 degrees of ER and ending in 15 to 20
degrees of extension. Further investigation using a larger
sample size may clarify the effects of manipulation as
multiple data sets were omitted due to sensor movement.

Other studies have investigated the effects of manipu-
lation and mobilization of the hip joint on ROM but did
not use a drop piece. Stathopoulos et al.”® found statis-
tically significant differences in hip flexion and IR after
hip mobilizations with movement as they mobilized the
joint in these directions. This differs from results of the
current study in which an increase in passive abduction of
the hip was observed possibly due to the direction of the
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MT. Additionally, a case study by Strunk and Hanses®
used a combination of manipulation, mobilization, and
passive stretching with the intent of improving the ROM
of 70-year-old patient with an osteoarthritic hip. For
manipulation, a gentle prone P-A drop piece technique
was used.*® This differs from our technique, which used
a long-axis manipulation combined with a drop piece.
After 12 weeks of care, the patient had improved disabil-
ity scores and a small increase in active IR of the hip.®
Hoeksma et al.'* compared manual therapy to exercise
therapy in the treatment of hip OA. The manual therapy
intervention was a traction manipulation, in the limited
position of the hip, using a high velocity thrust, similar to
our design."” They concluded that manual therapy was far
superior to exercise therapy in improving hip function in
patients with OA."? Brantingham ef al.* investigated the
short-term effectiveness of full kinematic chain manu-
al and manipulative therapy (MMT) plus exercise com-
pared with targeted hip MMT plus exercise for symptom-
atic mild to moderate hip OA. The treatment consisted
of a targeted hip manipulation, using high-velocity,
low-amplitude thrust-type along with pre- and post-treat-
ment stretching of the same hip.* They concluded that
there was no statistically significant difference between
the two groups however, both groups did have improved
Western Ontario and McMasters Osteoarthritis Index
(WOMAUC) scores.*

There was a statistically significant improvement in
numeric pain scale scores for both the manipulation treat-
ment and the alternative treatment. However, when the
two treatments were compared, there was a statistically
significant difference in the magnitude of improvement
for the manipulation treatment. The decrease in pain per-
ception may be due to the hypoalgesic effects of MT.>2
There are no studies evaluating the minimal clinically im-
portant change in the NPS for hip pain; however, Child et
al ® concluded that a change of two points (20%) repre-
sents a clinically meaningful change in patients with low
back pain. As such, although the reduction of pain seen in
our study was statistically significant, it may not be clinic-
ally significant. Furthermore, our sample included partici-
pants from a young healthy student population. Further
research is needed to determine if clinically meaningful
pain reduction can be achieved in populations with more
severe and limiting hip ROM. Regardless, a one-week
washout period was used in this study which was reported
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to be an appropriate length of time for crossover studies
in manipulation.*!

Notably of all the participants undergoing manipu-
lation, only one participant reported a short episode of
tingling in their ipsilateral foot during the procedure. No
other side effects were reported.

The alternative treatment in the current study involved
setting up the participant similarly to the manipulation
treatment, however, the alternative used a thrust direct-
ly into the drop piece as opposed to the manipulation
treatment which used a thrust into the joint, which then
engaged the drop piece. In regard to the quality of the
alternative procedure as a sham, 85% of participants at
the initial visit correctly guessed whether they received
the manipulation or alternative treatment and 75% of
the participants guessed correctly at the crossover visit
indicating the quality of the alternative procedure as a
sham to be poor. This may have been influenced by the
population used in the study. Due to the fact that all par-
ticipants included were chiropractic students, some may
have been exposed to drop piece hip manipulation during
their education and therefore were able to identify wheth-
er they received the manipulation treatment or alternative
treatment. Since there are no other drop piece mechan-
ism studies that exist, this study establishes a baseline for
improving sham procedures involving drop pieces. The
procedure could be improved on by excluding chiroprac-
tic students and including individuals who have never re-
ceived manipulation before or by blindfolding the partici-
pants so they cannot see what is being done.

Limitations
A reduction in the initial sample size was the result of
data collection errors due to movement of the Optotrak®
sensors. The equipment available to us included wired
sensors that were attached to the participants using a Vel-
cro strap. Unfortunately, in some cases, this resulted in
the sensors shifting during data collection. We were able
to identify these errors using our re-digitizing protocol
after every trial. The data that was found to be corrupt
was omitted from the study, which resulted in smaller and
differing sample sizes for the statistical analysis of each
ROM. As such we were not able to reach the sample size
estimate (except for active and passive flexion) we de-
sired which increased the likelihood of type II error.
Furthermore, differences between groups (i.e., sex
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ratio, weight, and height) have not been accounted for
in the statistical analysis. As such, there may have been
an unequal distribution of important known or unknown
confounding factors between groups. This may have con-
tributed to the differences in outcomes observed between
groups.

During the intake no information on participant’s diag-
nosis, duration of symptoms nor outcome measures were
collected, which restricts the ability to infer findings to
a wider population. For future studies obtaining infor-
mation on diagnosis, duration and appropriate outcome
measures are recommended. One pre- and post-inter-
vention measurement was used to simulate real clinical
testing. However, this may have increased the chances of
errors in measurement and the potential for unusable data
due to corrupt files.

Establishing a convincing alternative sham manipula-
tion was difficult. Subjects in this study were chiropractic
students, who may have been familiar with the manipu-
lation used in our study. This led to a high percentage of
participants correctly guessing which treatment they re-
ceived, thus decreasing the quality of blinding, and could
have resulted in an overestimation of the treatment effect.
Repeating the study with non-chiropractic students and
modifying the alternative treatment are recommended.

This study investigated the immediate effect of hip
HVLA MDP. Future research investigating both the
short- and long-term effects of hip manipulation is rec-
ommended.

Conclusions

HVLA MDP of the symptomatic hip joint in young adults
(21 to 32 years of age) statistically significantly improved
the perception of pain. It may also lead to significant in-
creases in passive hip abduction; however, not achieving
the desired estimated sample size for ROM measurement
increased type II error in this study. Further research in-
cluding larger sample size and improved sham procedures
are recommended.
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Objective: We present a case of an elite cyclist that
hesitated to follow the medical advice from her
practitioners, as she was determined to train and
compete resulting in delayed diagnosis and management
of a rare hip pathology.

Case presentation: A 51-year old elite female cyclist
had a history of years of hip pain with insidious onset.
The chiropractor in this case observed a lack of response
to treatment, and advised the patient to get an MRI
with suspicion of a labral tear. She eventually agreed
to further investigations and was diagnosed with Non-
Hodgkin’s follicular lymphoma and a labral tear.

Summary: Elite athletes are not immune to serious
pathology. Chiropractors should be vigilant and ensure

Douleur a la hanche chez un cycliste d’élite atteint d’un
lymphome folliculaire non hodgkinien : un rapport de
cas.

Objectif : Nous présentons le cas d’une cycliste d’élite
qui a hésité a suivre les conseils médicaux de ses
praticiens, car elle était déterminée a s’entrainer et

a participer a des compétitions, ce qui a retardé le
diagnostic et la prise en charge d’une pathologie rare de
la hanche.

Présentation du cas : Une cycliste d’élite de 51 ans
avait des antécédents de douleurs a la hanche depuis
des années; le début de ses douleurs avait été insidieux.
Le chiropraticien a observé une absence de réponse
au traitement et a conseillé a la patiente de subir un
examen par IRM en soupconnant une déchirure du
labrum. La patiente a fini par accepter de subir des
examens complémentaires. Un lymphome folliculaire
non hodgkinien et une déchirure labrum ont été
diagnostiqués.

Résumé : Les athletes d’élite ne sont pas a l’abri
d’une pathologie grave. Les chiropraticiens doivent
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to investigate any patients with a lack of response to
conservative management. Chiropractors should be
aware of the risk of athletic patients that continue to
train and compete when advised not to.

(JCCA. 2021:65(3):330-337)

KEY WORDS: cyclist, diagnosis, elite, hip, labrum,
lymphoma, pain, chiropractic

M Belchos, V Kumar, CA Weis

étre vigilants et s’assurer d’examiner tous les
patients réfractaires a un traitement conservateur.
Les chiropraticiens doivent étre conscients du risque
que représentent les patients sportifs qui continuent
a s’entrainer et a participer a des compétitions alors
qu’on leur a conseillé de ne pas le faire.

(JCCA. 2021:65(3):330-337)

MOTS CLES : cycliste, diagnostic, élite, hanche,
labrum, lymphome, douleur, chiropratique

Introduction

Elite athletes undergo substantial physical and mental
demands in both their training and sport performance. A
cross-sectional study of 518 cyclists reported that 85% of
these athletes sustained one or more non-traumatic over-
use injuries (with the most common sites including the
neck, knees, groin, hands, and back) within the previous
year.! Of the cyclists in that study, 31% sought medical
treatment for their injuries, and on average, had symp-
toms that persisted for 3.7 months.! When the patient’s
symptoms are not fitting of a musculoskeletal pathology,
further investigations are warranted. Whether the patient
will follow through with the recommendations of a med-
ical provider, is a separate challenge. Oftentimes, elite
athletes may want to return to sport before they are ad-
vised to do s0.? When athletes perceive their identities
to be strongly linked to their sport, they may undergo
grief and a loss of existence leading to depression, should
they withdraw from sport due to injury.* Consequently,
the constant drive to continue and persevere may stand
in the way of an athlete receiving a timely diagnosis or
recovery.

Elite athletes are not immune to serious pathology
such as infection or malignancies; therefore, chiroprac-
tors should be vigilant when patients are not respond-
ing to care or if there are signs and symptoms of sinister
pathology. One such serious pathology to consider that
spans multiple age groups, is lymphoma. Lymphoma is
a lymphoid malignancy which typically develops in the
lymph nodes.* Hodgkin’s or Non- Hodgkin’s Lymphoma
(NHL) should be suspected if a patient presents with gen-
eralized lymphadenopathy that is painless and persistent.*

J Can Chiropr Assoc 2021; 65(3)

We present a case report of a 51-year old female elite
cyclist with ongoing hip pain who was diagnosed with
Non-Hodgkin’s follicular lymphoma and a labral tear.
The purpose of this report is to describe the challenges
in diagnosing sinister pathology in athlete patients, and
describe one such sinister pathology that chiropractors
should consider when evaluating patients with hip pain.

Case presentation

Initial evaluation by the chiropractor

A 51-year old female elite cyclist presented to a chiro-
practor with a chief complaint of left adductor and hip
pain in June of 2018. One month prior she had been on a
three-day stage race where she developed a sudden onset
of muscle cramping in her left thigh. The cramping start-
ed on the first day of the race, 60km into a 140km stage,
while on a climb. She reported she had never experienced
this symptom before and felt as though she had no power
pushing off with her left leg, however she finished that
stage of the race. That night she received a massage, and
rested. The following day the athlete reported that her left
leg was swollen, particularly on the anterior aspect of her
thigh, compared to the right. The athlete was able to com-
plete the second stage of 110km with discomfort, though
she reported she had to change her race strategy by keep-
ing her wattage low to prevent cramping of her leg and to
avoid an “exploding” sensation. Following that stage, she
once again, managed her pain with another massage. On
the third stage, an uphill 8km time trial, she reported feel-
ing that her left leg pain almost stopped her from finish-
ing the event, but she pushed through to complete it. In
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the weeks following this particular race, she managed her
symptoms with massage, acupuncture, physiotherapy, and
rest. The physiotherapist told the patient that she did not
train sufficiently for the race, and that she should stretch.
Three months after the initial onset of pain and cramp-
ing, she competed in a 24-hour race where she placed first
and set a course record. She experienced pain in her left
adductor muscles through the entire duration of the race,
and performed self-massage for temporary relief.

Red flags (including but not limited to night sweats, un-
intentional weight loss, previous history of malignancy)
were not identified by the chiropractor, and the systems
review was normal. This patient had a medical history
that included Reynaud’s syndrome and eczema, but was
otherwise healthy. She was not taking medications. Her
family medical history included: maternal hypertension,
Sjogren’s syndrome, and arthritis; maternal grandmother
with hypertension, ovarian cancer and dementia; maternal
grandfather with stroke, high cholesterol, and hyperten-
sion; paternal colon cancer, hydrocephalus, and hyper-
tension; paternal grandfather with stroke; and sister with
uterine cancer. No other malignancies were noted in her
family’s medical history.

Physical examination

On examination when presenting to the chiropractor, ob-
servation revealed no visible swelling or abnormalities
of the lower limbs. The femoral triangle on the left side
was observed and palpated, with no abnormalities noted.
Functional testing revealed a normal squat and quarter
squat. Passive hip range of motion was normal bilaterally.
Resisted hip flexion with adduction on the left was limited
to 2/5 strength due to severe pain in her hip. Orthopaedic
testing of the bilateral hips was within normal limits; in-
cluding hip scour, log roll, FADDIR (Flexion Adduction
Internal Rotation), and FABER (Flexion Abduction Ex-
ternal Rotation). Neurological examination of the lower
limb was normal bilaterally. The patient was diagnosed
with a left sided overuse adductor strain. She was advised
to stretch her left adductors and quadriceps, as well as
cease training for the interim.

Follow-ups

The remainder of the 2018 year until early 2019, the pa-
tient trained indoors and managed her pain with massage,
physiotherapy, and acupuncture. In May of 2019, the pa-

332

tient returned to the chiropractor with continued pain and
discomfort of her left adductor muscles. The patient re-
ported that uphill road cycling would aggravate her pain
significantly, but that she never seemed to experience
a problem on her indoor bike trainer. The chiropractor
noticed pes planus on the left, but no other observable
abnormalities. Palpation of the pubic symphysis elicited
pain, as well as palpation of the right sacroiliac joint.
Passive knee flexion was limited on the left. No hip
orthopaedic tests were positive. At this time, the patient
was diagnosed with pubic symphysis irritation with sac-
roiliac joint (S1J) dysfunction. The chiropractor’s plan of
management included heat, soft tissue therapy, and ma-
nipulative therapy to the right SIJ and pubic symphysis.
On follow-up one week later, her pubic symphysis pain
had improved but she started experiencing pain in her
contralateral SIJ.

On a subsequent follow-up two weeks after her last
appointment, the same treatment was applied. However,
as the patient had experienced this pain for over a year,
her symptoms were not completely resolving, and her
pain was aggravated by uphill cycling, the chiropractor
recommended she visit her family doctor for magnetic
resonance imaging (MRI), querying a labral pathology.
The patient did not follow-up with her medical doctor due
to her denial that any serious pathology was present and
the perception that she may be congesting the medical
system. The patient also reported that she would like to
continue to train and compete, and thus, participated in
a 110km race one month later. At that race, she had hor-
rible cramping and pain in her left anterior thigh at the
midway point of the race. She spoke to her chiropractor
via a phone call who mentioned the MRI again, but the
patient did not follow-up with her medical doctor as she
was leaving for Europe within a week’s time. She trav-
elled to Italy for a 2-week training camp, followed by an-
other stage race in Norway with the following distances:
145km, 115km, and a 12km time trial with approximately
19,000ft of climbing in total. Upon her return from Eur-
ope, she reported a new, burning sensation in the anterior
aspect of her left hip and her hip felt fatigued.

For the course of the next two months, the patient de-
cided to follow a self-directed course of massage to the
areas of chief complaint. She had seen many different
providers for massage and physiotherapy since the pain
began, but due to limited improvement of symptoms, she

J Can Chiropr Assoc 2021; 65(3)
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Figure 1.
T1-weighted (A) and T2-weighted F'S (B) coronal left hip and T2-weighted FS axial pelvis (C) MRI sequences
demonstrating hypointense T1 and hyperintense T2 F'S signal signifying bone marrow infiltrative process in the left
ischial tuberosity (arrows).

consulted with a sports medical doctor whom she had
seen in the past for a different compliant. She was advised
to rest, and an MRI of her left hip was requisitioned to
rule out a labral tear.

Imaging findings

The MRI revealed a focal low T1-weighted signal,
compared to the skeletal muscle, and high fat-saturated
T2-weighted bone marrow signal change in the left ischi-
al tuberosity measuring 2.5cm in the cephalad to caudad
dimension. A small extraosseous, soft tissue extension is
observed posterior to the ischial tuberosity (Figure 1). A

second lesion with the same signal characteristics was ob-
served in the anteromedial acetabular wall of the left hip,
extending halfway into the superior pubic ramus, with ex-
tension into the soft tissues anterior to the acetabular wall
(Figure 2). These signal characteristics are consistent with
an infiltrative process, of which a neoplastic condition
such as metastatic disease or lymphoma is most likely.
No pathological fractures within the pelvis or femurs was
observed and no evidence of enlarged lymph nodes. Addi-
tionally, a tear of the anterosuperior labrum of the left hip
was observed with an associated complete chondral tear
at the anterior acetabular surface. There was no evidence

Figure 2
T1-weighted (A) and T2-weighted F'S (B) coronal left hip and T2-weighted FS axial pelvis (C) MRI sequences
demonstrating hypointense T1 and hyperintense T2 FS signal signifying bone marrow infiltrative process in the left
anteromedial acetabulum and superior pubic ramus (arrows).
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Figure 3.
Sagittal (A, B) and coronal (C) T2-weighted F'S MRI sequences of the left hip demonstrating a tear of the
anterosuperior labrum (solid arrows) with a complete chondral tear of the anterior acetabular cartilage (open arrow).

of a labral cyst or bone marrow edema within the adjacent
bony attachment (Figure 3).

Given the concerns of a polyostotic condition, a bone
scintigraphy scan was performed to assess for other areas
of involvement. The whole-body bone scintigraphy dem-
onstrated multiple areas of abnormal radionuclide uptake,
most notably involving the right humeral head, the right
7™ posterior rib and consistent with the lesions seen on
the MRI, in the left ischial tuberosity and anteromedial
acetabulum (Figure 4).

Diagnosis

The patient was referred to an oncologist who performed
a thorough evaluation, including a fine needle core bi-
opsy. She was subsequently diagnosed with Stage IV
Non-Hodgkin’s follicular lymphoma that was polyostotic
in nature. A left sided anterosuperior labral tear was also
noted.

Management

This patient underwent six cycles of four weeks of
chemotherapy. During that time, she experienced sig-
nificant fatigue but strived to walk every day, with an
occasional bike ride. On follow-up approximately nine
months after her diagnosis, she had a complete response
to chemotherapy, with no trace of metabolic activity on
her bone scintigraphy scans. The patient was advised she
would require consistent monitoring and chemotherapy
for the next three years. She began training with a cycling
coach again, however sessions were managed and dosed
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Figure 4.

Anterior (A) and posterior (B) bone scintigraphy scan
of the whole body demonstrates abnormal hot spots at
the right humeral head (arrow head), right 7" rib (solid
arrow), left ischial tuberosity (open arrow) and left
anteromedial acetabulum (thin arrow).

J Can Chiropr Assoc 2021; 65(3)



according to her abilities and goals. Presently, she is see-
ing an oncology physiotherapist to improve her overall
functional strength. She aims to ride four to five times per
week, complete strengthening exercises every other day,
and stretches every day. Her fatigue remains to this day.

Discussion

Background and epidemiology

The majority of injuries sustained by elite cyclists are
acute trauma, making up approximately 53% of all in-
juries in Tour de France athletes from 2010-2017.° Tt
has also been reported that these elite cyclists may ex-
perience strains and sprains (5%), overuse injuries (4%),
or multiple injuries at once (6%).> When a cyclist is pre-
senting to a chiropractor with hip pain, pathologies that
are intra-articular, extra-articular, or mimickers should be
considered as differential diagnoses.® Some differential
diagnoses to consider in patients with hip pain include
but are not limited to: labral tears, femoroacetabular im-
pingement, iliopsoas tendinitis, adductor strain, greater
trochanteric bursitis, arthritis, fracture, or malignancy.®
One such malignancy to consider is lymphoma.” Lymph-
omas are generally classified into categories (Hodgkin’s
or Non-Hodgkin’s), by clinical behaviour (indolent or ag-
gressive), and by cell origin (B-cell or T-cell/Natural kill-
er-cell). Lymphomas may rarely have bone involvement,
but when they do, they are classified into the following
categories: solitary primary bone lymphoma, polyostot-
ic primary bone lymphoma, and disseminated lymphoma
with secondary involvement of the bone 8. NHL typically
develops in the lymph nodes rather than in bone, but can
occur in almost any tissue.*

Follicular lymphoma is a more indolent form of NHL
that presents with painless enlarged peripheral lymph
nodes.* The majority of NHL cases are B-cell origin (ap-
proximately 85-90%), and the remaining either NK or T
cells. The patient in this case had a rare presentation, as
she was diagnosed with B-cell NHL of a follicular type,
with polyostotic bony lesions. The most common risk fac-
tor for developing NHL is immuosuppresion.* A history
of NHL or other lymphoid cancers in close relatives in-
creases the risk of NHL by 2-3 times.’

Clinical presentation
The presentation of NHL varies depending on subtype,

J Can Chiropr Assoc 2021; 65(3)
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site of involvement, and presence of additional symptoms
such as fever, night sweats and weight loss.* Possible
symptoms of bone marrow involvement include: recur-
rent infections, pruritus, anemia, bruising and bleeding.’
NHL should be suspected if a patient presents with gen-
eralized lymphadenopathy that is painless and persistent.*
Patients may also present with signs of bone marrow in-
volvement, and splenomegaly.* Some case reports have
documented unilateral limb swelling as an additional sign
of NHL."!" This particular symptom was present inter-
mittently in this patient’s symptomatology, however was
attributed to a race-related injury. In order to achieve the
correct diagnosis and staging of the disease, patients will
undergo an array of tests including blood work, biopsies
of lymph nodes and bone marrow, imaging, and immun-
ophenotyping.*

Concurrently, this patient had an anterosuperior labral
tear of her left hip. Labral tears are a frequent cause of
groin and anterior hip pain.'”” The literature has shown
that patients with labral tears may go undiagnosed for an
average of greater than two years, as patients are often
seen by multiple providers before a definitive diagnosis is
obtained.'” Labral tears are generally insidious in nature,
with a possible inciting event of microtrauma.' In a study
investigating patients with arthroscopically confirmed
labral tears, the authors found that 92% of the patients
had predominant local groin pain, whereas 52% had as-
sociated anterior thigh pain.'”> However, in our study, we
cannot say if this patient’s symptomatology was related to
her labral tear or underlying pathology from her NHL.

Management

The management for NHL varies depending on the grade
and stage of the disease.’ In early stages, radiation ther-
apy, surveillance, immunotherapy or chemotherapy may
be considered as treatment options.* In later stages, sur-
veillance, immunotherapy, prophylactic antiviral medi-
cine, or immunotherapy may be considered.* The patient
in this case was treated with rituximab and bendamust-
ine. Rituximab is used in conjunction with chemotherapy
medications (such as bendamustine) to for increased sur-
vival.* Additionally, in order to promote function, psych-
ological wellbeing, independence and quality of life,
exercise rehabilitation strategies are typically incorpor-
ated in lymphoma patients’ plan of management."* The
athlete in this case continued conservative management
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after her chemotherapy with a physiotherapist, to work
on her strength and endurance. Although this patient did
not seek further management from the chiropractor fol-
lowing her diagnosis, chiropractors can play a role in the
management of these patients by promoting exercise and
psychological wellbeing strategies in an interdisciplinary
collaborative care approach.'® The literature has shown
that NHL survivors who meet exercise guidelines report
clinically important better health-related quality of life
measures compared to those that do not meet exercise
guidelines."” Thus, exercise can be recommended and
is safe for patients with lymphoma, as there are benefits
to their cardiorespiratory fitness, fatigue, and physical
functioning."® The patient in this case was dedicated to
walking every single day throughout her NHL treatment
and afterwards. Once she was able to, she began cycling
again. With respect to chiropractic care when manag-
ing patients with cancer, it is imperative to mention that
spinal manipulative therapy and spinal mobilizations are
contraindicated in patients with known spinal malignancy
according to the World Health Organization.'

Delayed diagnosis
In patients with follicular lymphoma, the relative surviv-
al rates range from 93.6% at one year, to 61.6% at ten
years.> Prompt diagnosis is important for a more favour-
able prognosis.”> A patient’s diagnosis may be delayed
when they visit a larger number of healthcare providers or
“practitioner shop”. This occurs in patients with persistent
symptoms, and those that disagree or are in denial of a
diagnosis or treatment." This practitioner shopping may
hinder a single provider’s ability to ensure effective and
efficient treatment due to the lack of continuity of care
and possible opposing health care views.'''® The patient
in this case expressed that she chose not to listen to the
chiropractor, as she wanted to keep training and wanted to
avoid interruptions to her competition schedule. She then
chose to see her physiotherapist and massage therapist
for treatment and advice. This led to a worsening of her
symptoms, and a delayed diagnosis. The patient delayed
consultation with both her family doctor and sports medi-
cine physician, against the advice of the chiropractor, to
continue her athletic pursuits. She did not want to give up
on any opportunity to train or compete.

Athletes are known to push themselves to their limits
physically and mentally'” and have various intrinsic (i.e.
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achievement) and extrinsic (i.e. sponsorship) factors that
contribute to their desire to pursue their sport.> Although
these strategies can lead to athletic success, a balance
must also be prioritized to avoid overtraining and injur-
ies."” Some athletes may go against the advice of their
medical professionals and refuse to abstain from sport
participation. For many athletes their identity is tied in-
timately to their sport, and abstaining from sport poten-
tially leads to the fear of losing a major part of their life.?
Athletes may also be in denial of their injuries for fear
of losing their ability to train and compete.’ Chiroprac-
tors can help manage this fear with patient education and
interdisciplinary collaboration with psychotherapists or
mental performance coaches.

Limitations

The major limitation of this report is by nature the type
of report being presented. Case studies are considered a
lower level of evidence with respect to the hierarchy of
evidence.'® Hence, information such as rates, incidence
and generalizability cannot be generated or inferred.'®
However, case reports demonstrate novel patient pres-
entations, which may act as a reminder to practitioners to
consider these serious, but rare pathologies. Additionally,
it is not possible for us to know the true source of the pa-
tient’s pain — whether the labral pathology, the underlying
lymphoma, both, or neither accounted for her symptoms.

Summary

A S5Sl-year old elite female cyclist had a history of
long-standing hip pain with insidious onset. Once she
finally agreed to further investigations, she was diagnosed
with NHL. The desire to continue to compete and train
through injuries and pain is common in athletes, although
it can lead to delays in appropriate diagnosis and manage-
ment. This case is evidence of this scenario; the patient
repeatedly denied advice to rest, and to seek further in-
vestigations. She sought multiple providers to manage
her symptomatology. For various reason (loss of identity,
sponsorship, etc.), athletes may avoid the advice of med-
ical professional since they do not want to stop training or
competing. The persistence of her medical professionals
and her symptoms led to the eventual diagnosis of NHL.
The patient has had a complete response to chemother-
apy and is returning to sport in a gradual manner with the
advice of a coach and her medical professionals. Chiro-
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practors may play a role in referring for appropriate diag-
nosis, education, and exercise prescriptions for patients
with NHL.
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Delayed diagnosis of osteodiscitis in an
adolescent athlete: a case report

Dominique Harmath, DC!
Erin Boynton, MD, FRCS(C)
Peter Lejkowski, DC, FRCCSS(C)

Background: Vertebral osteomyelitis (OM) is an
infectious condition of bone caused by an infecting
organism, most commonly Staphylococcus aureus (S.
aureus). Though rare in adolescents, it is important
to remember that this population has vascularized
intervertebral discs prior to skeletal maturity and,
therefore, is more susceptible to an osteodiscitis
infection.

Purpose: To determine the possible factors that lead
to a delayed diagnosis of osteodiscitis compared to an
early diagnosis in an adolescent athlete.

Summary: This case provides a unique example of
osteodiscitis in an adolescent rowing athlete where an
infected heel blister was the only indication toward a
diagnosis. Early diagnosis and successful management
of osteodiscitis are dependent on recognizing
constitutional and non-constitutional signs and
symptoms of infection.

Clinical relevance: In sport, when skin barriers may
be compromised more readily, the risk of infection

Diagnostic tardif d’une ostéodiscite chez un athlete
adolescent: compte rendu de cas

Contexte : L’ ostéomyélite vertébrale (OM) est une
affection des os causée par un microorganisme
infectieux, le plus souvent Staphylococcus aureus

(S. aureus). Bien que cette affection soit rare chez

les adolescents, il est important de retenir que cette
population a des disques intervertébraux vascularisés
avant d’atteindre la maturité squelettique et qu’elle est
donc plus exposée a l’ostéodiscite.

Objectif : déterminer les facteurs possibles qui
conduisent a un diagnostic tardif de [’ostéodiscite
par rapport a un diagnostic précoce chez un athléte
adolescent.

Résumé : Ce cas fournit un exemple unique
d’ostéodiscite chez un athléte adolescent de I’aviron
présentant une ampoule infectée au talon qui était
[’unique signe permettant de poser un diagnostic. Le
diagnostic précoce et la prise en charge réussie de
l’ostéodiscite dépendent de la reconnaissance des signes
et symptomes constitutionnels et non constitutionnels de
Uinfection.

Pertinence clinique : Chez les sportifs, les barriéeres
cutanées peuvent étre compromises plus facilement
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should be considered in the differential diagnosis of
unprovoked back pain.

(JCCA. 2021;65(3):338-343)

KEY WORDS: osteodiscitis, osteomyelitis, adolescent,
athlete, rowing, chiropractic

D Harmath, E Boynton, P Lejkowski

et le risque d’infection doit étre pris en compte dans
le diagnostic différentiel des douleurs dorsales non
provoquées.

(JCCA. 2021;65(3):338-343)

mots clés : ostéodiscite, ostéomyélite, adolescent,
athlete, aviron, chiropratique

Introduction

Vertebral Osteomyelitis (OM) is an infectious condition
of bone caused by a pathogenic organism, most common-
ly Staphylococcus aureus (S. aureus).! It is more common
in men than in women, and its incidence increases with
age with a reported 21.8 cases per 100,000 person-years.?
Though rare in adolescents, it is essential to keep in mind
that unlike adults with avascular intervertebral discs, this
population has vascularized intervertebral discs prior to
epiphysial growth plate closure and therefore are more
susceptible to an osteodiscitis infection.! Unfortunately,
the diagnosis of OM is difficult and often delayed when
constitutional signs such as fever, fatigue and malaise are
not present.’ Delays in diagnosis vary between 2-12 weeks
with a 20% mortality rate.* To our knowledge, there have
been no reported cases of an osteodiscitis infection de-
veloping from a heel blister in the sport of rowing in an
adolescent individual. The clinical case presented had a
delayed diagnosis of two months. Such a delay may leave
the individual with long term complications or debilitat-
ing symptoms from chronic OM. High clinical suspicion
is necessary in the early detection and treatment of the
infection in order to prevent further tissue destruction and
improve the prognosis.

Case summary

An 18-year-old competitive male rower presented with
an acute onset of left-sided lower back pain of two days
duration with no previous history of back pain. He woke
up with pain and stiffness in his back but could not recall
a mechanism of injury. The pain was described as dull at
rest and sharp with walking, forward bending and active
left hip flexion. The pain was localized to the left lumbar
region from L2 to the lumbopelvic region bilaterally. No
signs of illness were noted.

J Can Chiropr Assoc 2021; 65(3)

Upon examination, the patient was apprehensive to
move with a restricted and painful range of motion in all
directions, primarily flexion. Bilateral Kemp’s, posterior
to anterior shear at L5, active single leg raise (ASLR)
and FABER’s test on the left side were positive tests for
left-sided back pain in the L.2-L.3 and sacroiliac (SI) joint
areas. Negative tests included Valsalva, SLR, cross SLR,
SI compression and Braggard’s. The left quadratus lum-
borum muscle was in spasm; however, there was no evi-
dence of swelling or deformity. Neurological exam was
within normal limits. When asked about a fever, the pa-
tient denied having one, and there was no mention of the
blister during the initial visit. The treating chiropractor
recorded a clinical diagnosis of acute left, flexion-intoler-
ant lower back pain with suspicion of discogenic origin.
The day after the initial visit, the patient’s parent took
the patient to a physician to investigate a heel blister of
one-week duration that became red and presented with a
fever. The patient was placed on antibiotics (Cephalex,
CT, Ger-Germany), no signs of cellulitis were noted. The
fever resolved that day and did not return.

Radiographs of the lumbar spine were ordered due to
the fact that lower back pain was present with no direct
cause, a possible discogenic origin was suspected, the pa-
tient was skeletally immature, and that a possibly infected
blister with a slight fever was present. The radiograph re-
vealed a dextroscoliosis of the lumbar curve, ill-defined
superior and inferior endplates of L2 and a mild loss of
L1, L2 disc space was noted (see Figure 1). A bone scan/
CT/MRI examination of the lumbar spine was advised by
the chiropractor to rule out osteodiscitis. Due to a gap in
interprofessional communication, a second set of lumbar
radiographs were ordered that confirmed the unremark-
able findings of the first radiograph. The patient was rec-
ommended to continue with conservative therapy. After
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1A.

1B.

Figure 1.
Radiographic imaging. 1A. Initial radiographs with no evidence of infection. 1B. The anterior superior vertebral
endplates of L3 and L4, as well as the ill-defined superior and inferior vertebral endplates of L2 with a mild loss of L1,
L2 disc space coincidentally, mimic Romanus and Andersson lesions (blue arrows).

four weeks of treatment and only 50% improvement, it
was acknowledged that the patient’s current condition did
not match up with the natural history of the diagnosis. For
this reason, the treating provider acted on their clinical
suspicion and once again referred the patient for special
imaging and/or a second opinion. The patient went for
a second opinion to a sports medicine doctor two weeks
later, where they were clinically diagnosed with a disc
herniation. The chiropractor explained that due to the lack
of related findings in the patient’s presentation, including
the absence of neurological signs (soft and hard), the pa-
tient was unlikely to be suffering from a frank disc herni-
ation. The patient was subsequently encouraged to seek
further medical work-up, including blood tests.

One week later, the blood tests came back positive for
inflammatory markers with an elevated erythrocyte sedi-
mentation rate (ESR) and c-reactive protein (CRP); how-
ever, HLA B-27 was negative. Three days later, an MRI
was taken of the lumbar spine, where a diagnosis of L4-
L5 osteodiscitis was confirmed (see Figure 2).

Three days later, a biopsy identified S. aureus as the
bacterial culprit. Three days following the diagnosis,
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intravenous (IV) and oral antibiotics were administered
for eight weeks. A follow-up MRI was conducted at the
6-week mark of the 8-week treatment plan, where the
infection was shown to still be present. The patient saw
improvement with treatment; however, there was no
planned follow-up. Four months later, the infection was
confirmed to still be present on MRI and biopsy, and the
individual underwent a second course of IV antibiotic
treatment (cefazolin) for suspected chronic osteodiscitis.
Upon completing the second round of intravenous anti-
biotics (ten months post initial presentation), the patient
felt he was back to normal and had returned to exercising
regularly. The patient’s current condition is stable, with
a resolution of the infection as indicated with negative
blood tests for inflammatory markers.

Discussion

Epidemiology

OM most commonly affects those exposed to a penetrat-
ing injury, surgery, intravenous drug use, diabetes, or a
compromised immune system. Such risk factors leave in-
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2B.

Figure 2.

LA4-L5 Osteodiscitis, magnetic resonance imaging (MRI). 2A. Initial T-2 weighted MRI of the lumbar spine with an L4-
L5 intervertebral disc centered process with intervertebral disc height loss, irregularity, and high signal intensity. There
is a small enhancing collection within the left paraspinal soft tissues anterior to the L4/LS intervertebral disc indicative

of early abscess formation. Well demarcated destructive lesions are present at the adjacent vertebral endplates (thick

blue arrow). Multilevel inflammatory changes of the lumbar spine are also noted with high signal irregularities and
erosions at the anterior corners of the vertebral bodies mimicking Romanus lesions with similar lesions centrally at the
disco-vertebral junction of the T12, L1 and L3 vertebral bodies mimicking Andersson lesions (thin blue arrows). These
findings are suspected to be caused by the infection. 2B. Follow up T-2 weighted MRI of the lumbar spine at 6-weeks of

treatment with L4-L5 osteodiscitis still noted (thick blue arrow).

dividuals vulnerable to contracting OM; specifically, its
most common bacterial offender, S. aureus. In the paedi-
atric population the incidence is no higher than 0.3 per
100,000.°

Pathophysiology

S. aureus, the most common perpetrator of OM, may have
a hematogenous or contiguous spread or may be trans-
mitted by direct inoculation.® Its virulence can be attrib-
uted to both its extracellular and intracellular factors. ¢ Its
ability to adhere to extracellular matrix proteins allows
it to establish itself in the host organism.” The evasion
capability of the bacteria to survive in host cells and its
invasion capabilities via exotoxins or hydrolases give it
the extra edge to thrive in the human body.® Biofilms, a
collection of communicating microbes with altered gene

J Can Chiropr Assoc 2021; 65(3)

expression, can also form during the infection, making
antibiotic treatment’s success exceptionally difficult.” In
this case, it is suspected that the S. aureus infection of the
intervertebral disc occurred due to hematogenous spread
from an infected heel blister.

Diagnosis

The diagnosis of vertebral OM is multifactorial and chal-
lenging at times when constitutional symptoms are not
present. In general, key history findings would include
non-specific lower back pain, fever, malaise, fatigue or
a trivial skin infection.! It is important to note that fever
presents in less than 50% of OM cases.!" Physical find-
ings may mimic discogenic pain, and in cases such as the
one currently presented, ambiguous findings paired with a
failed response to care should elicit follow up with a ser-
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ies of diagnostic imaging. A definitive diagnosis of OM
is a combination of clinical signs of infection, laboratory
tests, imaging abnormalities, biopsy and isolation of cul-
tures.®

In the case presented, the heel blister was key toward
the diagnosis. Discitis should be a top differential diag-
nosis in youth with discogenic pain.'? Ultimately, it was
the high clinical suspicion for discitis that prompted the
chiropractor to continue pushing for a second opinion and
refer for special imaging while the patient’s pain con-
tinued to be dismissed as mechanical. In order to prevent
future delayed diagnoses, as in the current case where rec-
ommendations for advanced imaging were missed, inter-
professional communication should be prioritized.

Diagnostic imaging

The diagnostic process is often broken down into two
parts: radiographic imaging and bone scan or blood test-
ing, and the second part; magnetic resonance imaging
and biopsy cultures." Part two is necessary to determine
the underlying organism responsible for the infection to
guide antibiotic treatment.

Radiographic imaging is a cost-effective and quick
way of ruling in OM and, for this reason, is part of the first
line of the diagnostic process. The challenge, however,
is that radiographs will appear normal during the first 21
days of spinal infection.' Both radiographic imaging and
blood testing have high specificity but low sensitivity in
OM diagnosis and are commonly used when wait times
for magnetic resonance imaging (MRI) are high."”” The
specificity and sensitivity for MRI are reported as 60-
90% and 78-90%, respectively, and MRI also can identify
areas of soft tissue involvement that may guide treatment
decisions.'? Lastly, microbiologic cultures via CT-guided
biopsy is the gold standard in OM diagnosis with 99.9%
specificity.!?

The diagnosis of the case began with radiographic im-
aging that came back negative for infection, followed by
blood testing and MRI that confirmed the diagnosis of an
osteodiscitis infection, while a CT-guided biopsy identi-
fied the bacterial culprit.

Treatment

As soon as the underlying organism is identified, intra-
venous antibiotics can be administered for approximately
two weeks, followed by oral antibiotics for an additional
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2-4 weeks.S Surgery is not usually required; however, it
may be considered if signs of neural compression, spinal
instability, progressive destruction of bone, limb deterior-
ation or signs of the development of an epidural abscess
or paravertebral abscess appear in order to prevent pro-
gression to a chronic OM.° In such instances, the patient
should be monitored during treatment and managed ap-
propriately. Lingering complications may last on average
up to two years if an acute case of OM becomes chronic.®

In the current patient case, infection was still present
after the eight weeks of treatment with intravenous and
oral antibiotics. Factors responsible for the lack of healing
response may have been attributed to the antibiotics re-
ceived for the heel blister and the presence of an abscess.®
An abscess is challenging to treat with antibiotics as the
drug cannot diffuse into the middle of the abscess. ¢ This
was likely the case with the patient as abscesses have no
blood supply and are surrounded by very necrotic/fibrotic
material making penetration of drugs difficult.® If there is
no drug reaching the bacteria, they continue to grow.

Prognosis

The level of precision for the prognosis of OM is not well
studied. Delays in diagnosis vary between 2-12 weeks
with a 20% mortality rate.* According to Gupta et al?,
longer duration of symptoms prior to diagnosis with a S.
aureus pyogenic vertebral OM infection were associat-
ed with increased rates of treatment failure. Tuberculous
and brucellar vertebral OM, however, remain the leading
causes of delayed vertebral OM diagnosis at a rate of
21%.

Generally, if the infection is diagnosed and treated ear-
ly, possibly prior to the infection becoming evident on
radiographic imaging (<21 days), the effects with anti-
biotics should be rapid.® This emphasizes that osteomyel-
itis cannot be ruled out from radiographic imaging alone
as it was in our case. On the other hand, chronic OM is de-
pendent on the patient’s physiological status and the dur-
ation of the infection.® Recovery can vary from 2 months
to 2 years.’

The time from initial presentation to diagnosis in the
patient was two months. The condition should have been
further assessed with bloodwork and an MRI when the
patient’s presentation changed revealing a fever and an in-
fected blister. Further delays in prognosis occurred when
the patient was discharged from the hospital after receiv-
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ing intravenous and oral antibiotics without a scheduled
follow up post-treatment. This was especially a problem
when the individual’s pain persisted for four additional
months post-treatment. Though back pain is often present
once the infection has resolved, follow up is necessary to
ensure resolution of the infection via blood testing of ESR
and CRP inflammatory markers and radiographic imaging
for evidence of bony fusion.>'®

Future studies should investigate the role of range of
motion findings and the absence of muscle spasms in con-
junction with blood testing of inflammatory markers to
provide more insight on clinical signs of improvement.

Summary

This case provides a unique example of osteodiscitis in
an adolescent rowing athlete where an infected heel blis-
ter was the only clue toward an early diagnosis. Early
diagnosis and successful management of osteodiscitis are
dependent on recognizing constitutional and non-consti-
tutional signs and symptoms of infection, in our case, an
infected heel blister and a mild fever. Frequent monitor-
ing and scheduled follow-up visits during and after the
treatment process is advised to avoid further delays in
prognosis.

The overseeing practitioner did his due diligence re-
ferring the patient for further studies when his clinical
suspicion was high. Early investigation is essential for
a promising prognosis of osteodiscitis when the clinical
course of a musculoskeletal diagnosis does not meet the
expectation.
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Pigmented villonodular synovitis of the hip in a
recreational runner: a case report

Jaclyn A Kissel, BSc, DC, FRCCSS(C)'
Cristina Leonardelli, BScKin, DC, MHK?

Objective: To present the diagnostic, clinical, and
radiological features of pigmented villonodular synovitis
(PVNS), create awareness of this rare condition,
and provide guidance for conservative healthcare
practitioners for further referral and appropriate
management.

Case presentation: We present the case of a 41-year-
old recreational runner who presented to the clinic
with anterior hip pain of one year duration. Following
a clinical history and examination, the patient was
diagnosed with clinical femoroacetabular impingement.
Radiographs taken at that time displayed mild
degenerative joint disease of the left hip joint with
coxa profunda. After four weeks of conservative care,
the patient reported no improvement in symptoms. The
patient was then referred for an MRI, while conservative
care continued. Ten weeks later, the patient’s symptoms
and functional abilities had worsened. The MRI was
obtained and the diagnosis of PVNS was made.

Summary: PVNS is a rare disease that can mimic
mechanical hip pain. A high index of suspicion should

Une synovite villonodulaire pigmentée de la hanche chez
un coureur amateur
Objectif : Présenter les caractéristiques diagnostiques,
cliniques et radiologiques de la synovite villonodulaire
pigmentée (PVNP), sensibiliser le public a cette maladie
rare et fournir aux praticiens de santé conservateurs des
conseils pour le renvoi des patients et la prise en charge.

Présentation du cas : Nous présentons le cas d’un
coureur amateur de 41 ans qui s’est présenté a la
clinique avec une douleur antérieure de la hanche
depuis un an. Apres une anamneése et un examen
clinique, on a diagnostiqué un conflit fémoro-
acétabulaire. Les radiographies prises a ce moment-la
révélaient une légere maladie dégénérative de la hanche
gauche avec coxa profunda. Aprés quatre semaines de
soins conservateurs, les symptéomes du patient n’étaient
pas soulagés. On lui a demandé de subir un examen par
IRM et on a poursuivi les traitements conservateurs.
Dix semaines plus tard, les symptomes et les capacités
fonctionnelles du patient s’étaient aggravés. On a obtenu
les résultats de I’examen par IRM et on a diagnostiqué
une PVNP.

Résumé : La PVNP est une maladie rare qui peut
imiter une douleur mécanique de la hanche. L’indice de
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be utilized when symptoms worsen despite conservative
care. Referral for advanced imaging is critical for
appropriate diagnosis of PVNS.

JCCA. 2021;65(3):344-349)

KEY WORDS: pigmented villonodular synovitis, FAI,
hip, mechanical, pain, chiropractic
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suspicion est élevé lorsque les symptomes s’aggravent
malgré des soins conservateurs. Un examen par
imagerie avancée est essentiel pour un établir un
diagnostic de PVNP.

JCCA. 2021;65(3):344-349)
MOTS CLES : synovite villonodulaire pigmentée,

conflit fémoro-acétabulaire, hanche, mécanique, douleur,
chiropratique

Introduction
Pigmented villonodular synovitis (PVNS) is a rare condi-
tion that is characterised by a proliferation or hyperplasia
of the synovial membrane within joints, bursae, or tendon
sheaths.! Due to the non-specific nature of the clinical
presentation of PVNS, diagnosis is usually delayed.>*
We report a case of PVNS of the hip in a recreational
runner. The purpose of this case report is to present the
diagnostic, clinical, and radiographic features of PVNS in
order to create awareness of this rare condition amongst
health care practitioners. It is important for healthcare
practitioners to be aware of the clinical presentation and
appropriate management for PVNS as it can mimic more
common musculoskeletal conditions, as it did in this case.

Case presentation
A healthy 41-year-old architect and recreational runner

Figure 1.

Anterior posterior
hip radiograph.
Mild degenerative
joint disease of the
left hip joint with
coxa profunda, mild
facet arthrosis from
LA4-S1 and minimal
degenerative joint
disease of the left
sacroiliac joint.

J Can Chiropr Assoc 2021; 65(3)

presented to the clinic in November 2019 with a com-
plaint of insidious onset intermittent left anterior hip pain
of one year duration. The patient is female and stood 5
feet 9 inches (175.25 cm) and weighed 135 Ibs (61.24 kg).
Aggravating factors included running, prolonged sitting
for more than thirty minutes, and yoga poses that require
hip external rotation. Movement helped to relieve their
pain. The patient did not report any external or internal
hip clicking or clunking. The patient denied any red flags.
Radiographs were ordered in May 2019 by the referring
physician which displayed mild degenerative joint dis-
ease of the left hip joint with coxa profunda, mild facet
arthrosis from L4-S1 and minimal degenerative joint dis-
ease of the left sacroiliac joint. (See Figures 1 and 2).
Upon physical exam, hip range of motion was full how-
ever, pain was elicited at end range internal and external ro-
tation. Flexion Adduction Internal Rotation (FADDIR) and

Figure 2.

Frog-leg lateral hip
radiograph. Mild
degenerative joint
disease of the left
hip joint with coxa
profunda.
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Figure 3. 4A

Coronal Oblique Proton Density Fat
Sat sequence (TR/TE: 4090/24) of left

hip shows multiple frondlike foci of
low signal intensity in the perilabral
recess, above the femoral neck (white

arrowhead) and in the acetabular

fossa extending inferiorly (curved

white arrow).

Flexion Abduction External Rotation (FABER) tests were
positive and hip distraction was relieving. The hip pain was
recreated with the left leg falling into abduction while in
right lateral recumbent position. The following tests were
found to be negative: hip scour, log roll, Thomas test, cross-
legged sitting, resisted hip ranges of motion, sacroiliac joint
provocation tests, and an examination of the lumbar spine
was normal. Lower limb neurological examination, which
included deep tendon reflexes, sensory and motor testing,
was found to be within normal limits. A working diagnosis
of clinical femoroacetabular impingement was made and
the patient was treated one to two times per week for four
weeks. The treatment plan included soft tissue therapy, hip
joint mobilizations, ergonomic modifications, and a com-
prehensive rehabilitation program focusing on core endur-
ance, gluteal and hamstring strength.

In this case, the working diagnosis of clinical femoro-
acetabular impingement was diagnosed based on the War-
wick International Consensus Agreement, that defines
FAI as a clinical disorder of the hip with a triad of symp-
toms (motion- or position-related pain in the hip or groin),
clinical signs (positive hip impingement tests, such as
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Figure 4. 4B

4A, 4B. Axial T1 weighted sequence (570/15) images
at the level below the acetabular fossa show
hypointense nodular masses displacing the
obturator externus (OB. Ext.) muscle medially
(arrow heads) and quadratus femoris (Q.F.)

muscle posteriorly (arrows).

FADDIR), and imaging findings that show evidence of
cam or pincer morphology on plain-film radiographs.*

A re-evaluation was conducted after four weeks of care
and the patient reported no improvement in symptoms.
A letter was sent back to their medical doctor suggesting
that further diagnostic imaging may be necessary. Sub-
sequently, an MRI was ordered in January 2020. Mean-
while, care was continued with progression to rehabili-
tation and modifications to passive treatment. However,
by late January 2020 the patient reported worsening of
pain post-treatment and the inability to sit for longer than
five to 10 minutes. They also reported an uncomfortable
clicking sensation with walking and the pain was inter-
rupting their sleep. By February 2020, they reported that
the hip felt “out of place” and that the pain was occurring
with walking. Care was ceased at this time and the patient
awaited the MRI.

The MRI was scheduled for late April 2020, but due to
the COVID-19 lockdown, the patient obtained their MRI
in October 2020. Based on the MRI findings the patient
was diagnosed with pigmented villonodular synovitis
(see Figures 3, 4A, 4B, and 5). This patient was then re-
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Figure 5.

Sagittal Proton Density fat-suppression sequence
(2630/23) shows predominantly hypointense nodular
masses (white arrows) posterior to the femoral neck and
greater trochanter displacing quadratus femoris (Q.F.)
muscle posteriorly.

ferred to an orthopedic specialist and is currently awaiting
intervention.

Discussion

Pigmented villonodular synovitis (PVNS) is a type of
tenosynovial giant-cell tumour that is defined by the pro-
liferation of the synovial membrane in joints, bursae, or
tendon sheaths.' It affects 1.8 per million people and the
intra-articular form is predominantly found in large joints
such as the hip (70% of cases) and knee (15% of cases).!®
PVNS of the hip typically occurs between the second and
third decade of life.!

The etiology of PVNS is not well known, with trauma,
neoplasia, genetic predisposition, and chronic inflam-
mation secondary to hemarthrosis suggested as possible
causes.! There may be a connection to chromosomal
anomalies, which has been suggested more recently.®

The clinical presentation of PVNS of the hip is
non-specific, which requires clinicians to have a high
index of suspicion for the diagnosis.! Diagnosis is often
delayed due to slow progression of symptoms, pain tol-
erance, and symptom variation, with an average of four
years between onset of symptoms and diagnosis.>* The
main symptom is pain, which may be localized to the an-
terior hip or groin, that increases in intensity and duration

J Can Chiropr Assoc 2021; 65(3)
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as the disease progresses.> Other signs and symptoms
may include painful intra- or extra-articular swelling,
which can result in associated limitation in mobility and
stiffness of the joint.!?

Imaging studies are critical for the diagnosis and treat-
ment planning of PVNS. Specifically, plain film radio-
graphs, CT, and MRI can be used to assess the presence
and severity of the disease. Radiographs are often un-
remarkable in early stages, as they were in our case. How-
ever, in the advanced stage of the disease, radiograph will
display osteolytic changes, specifically erosions of bone
and subchondral cysts around the axis of the joint capsule
or at the acetabulum near the fovea.? CT can also be used
to visualize smaller erosions and subchondral cysts that
are not visible on radiograph, however it is less helpful in
evaluating the surrounding soft tissues and synovium.”®
Lequesne et al.® proposed a radiologic classification sys-
tem for PVNS:

1. “Evocative” — initial stage of disease with or
without joint space narrowing as well as large
subchondral cysts. This form represents 62%
of cases.!

2.  “Pseudo-coxitis” — localized joint space nar-
rowing with deep erosions of the head of the
femur and/or acetabulum in weight bearing
surfaces. Possibility of subchondral cysts out-
side the weight bearing area. This form repre-
sents 16% of cases.'

3. “Pseudo-coxarthrosis” — localized joint space
narrowing is secondary to the expansion of
subchondral cysts into the joint space. This
form represents 14% of cases.!

The preferred imaging modality for examination of
PVNS is MRI.? It allows for precise visualization of the
lesion(s), which allows for accurate diagnosis as well as
pre-intervention planning and post-intervention review.’
Features of PVNS on MRI include: (1) variable extent of
synovial proliferation and thickening, (2) intra-articular
effusion and erosion of bone, and (3) the deposit of hemo-
siderin within lesions in the synovium.”'® The lesions
containing hemosiderin are pathognomic of PVNS %112
Hemosiderin is a protein compound that stores iron. Due
to the ferromagnetic properties of this protein, when de-
posited on synovial tissue, it results in a hyposignal on
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T1- and T2- weighted images.!” Fast field echo (FFE)
sequence MRI images are best to visualize hemosiderin
deposits, which can be visualized as small spotty areas, or
diffuse larger areas of hypointense signal."

The current consensus based on large case studies in
the literature, is that operative management is the stan-
dard for treatment for PVNS.>*? However, the surgical
approach is poorly defined in the case of PVNS of the
hip. Joint preservation is preferred as much as possible
for younger patients.' Total synovectomy of the diseased
synovium is typically the approach when the articular car-
tilage is preserved, in order to prevent further destruction
and loss of function of the joint.** This is typically done
with open surgery and surgical hip dislocation which ex-
poses all the synovial recesses.®!* However, this proced-
ure does not seem to prevent the development of second-
ary hip osteoarthritis in the future.’ Total hip arthroplasty
is considered when there is significant joint destruction
present.!? More recently, arthroscopic excision of the
diseased synovium has been studied as a treatment pro-
cedure. Byrd and colleagues described good outcomes in
their study, including improvements in patient-reported
outcome measures, and only one out of thirteen patients
undergoing a revision after six years.'*!'> External radio-
therapy has been proposed, but not validated in the litera-
ture as an effective treatment modality.'>'® There is some
literature that supports external radiotherapy post-opera-
tive management to help prevent recurrence and address
any residual disease."”

Given its vague signs and symptoms, PVNS of the hip
often masquerades as mechanical hip pain, which is par-
ticularly common in runners. This may lead to a delay
in diagnosis and appropriate treatment. It is critical for
conservative healthcare practitioners, including chiro-
practors, to have a high index of suspicion for this diag-
nosis, particularly when there is a lack of improvement
with conservative care and a progression of pain inten-
sity and duration, and decrease in functional abilities. If
radiographic features are associated with uncharacteristic
clinical symptoms, PVNS should be considered as a dif-
ferential diagnosis.* When PVNS of the hip is suspected,
referral for diagnostic imaging (specifically, MRI) and
subsequent surgical referral are prudent.

Summary
The clinical presentation of the PVNS of the hip in this
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case was typical of clinical femoroacetabular impinge-
ment that presents often to healthcare providers such as
chiropractors and physiotherapists. It is prudent for ther-
apists to have an index of suspicion for this diagnosis
when symptoms do not improve or worsen with conserva-
tive care. Referral for advanced diagnostic imaging is im-
portant to accurately diagnose this condition, and further
surgical referral is required for appropriate management.
Early diagnosis and intervention for PVNS results in bet-
ter outcomes for the patient.
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Calcaneonavicular coalition: a case study of non-
operative management in an adult patient

Kathleen Kurman, BScHK (Hons), DC, RCCSS (C) resident!

Andrew Romanelli, BPhEd, DC, MSc?

Objective: This study describes the radiographic
diagnosis and nonoperative chiropractic management
for a case of a chronic calcaneonavicular coalition in an
adult patient.

Background: Calcaneonavicular coalition is a
congenital/acquired condition of the tarsal bones often
diagnosed in individuals 8-12 years old. Considering its
rare presentation (less than 1% of the population), there
remains little literature on the conservative management
of this condition.

Case presentation: Chronic calcaneonavicular
coalition in a 35-year-old recreational athlete is
presented.

Management/outcome: Following radiographic
diagnosis, the patient was placed in a walking boot for
Sfour-weeks. After removal of the boot, the patient was
managed nonoperatively. They reported a full resolution

of symptoms with noted return to all pre-injury activities.

Summary: Presentation of calcaneonavicular

Coalition calcanéo-naviculaire : étude de cas de prise en
charge non chirurgical chez un patient adulte

Objectif : Cette étude présente le diagnostic a I’aide de
radiographies et la prise en charge non chirurgicale
par la chiropratique d’un cas de coalition calcanéo-
naviculaire chronique chez un patient adulte.

Contexte : La coalition calcanéo-naviculaire est une
affection congénitale ou acquise des tarses souvent
diagnostiquée chez des individus dgés de 8 a 12 ans.
Comme il s’agit d’une affection rare (moins de 1% de la
population), il existe peu de littérature sur le traitement
conservateur de cette affection.

Présentation du cas : Présentation d’une coalition
calcanéo-naviculaire chronique chez un athléte amateur
de 35 ans.

Prise en charge/résultat : Apres le diagnostic établi a
I’aide de radiographies, le patient a été placé dans une
botte de marche orthopédique pendant quatre semaines.
Apres le retrait de la botte, le patient a été pris en
charge de maniere non chirurgicale. Tous ses symptomes
sont disparus et il a pu reprendre toutes les activités
qu’il avait avant sa blessure.

Résumé : La survenue d’une coalition calcanéo-
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coalition may be dependent on many factors, including
age, medical history, and chronicity of the condition.
Previous medical background may include recurrent
inversion ankle sprains, aggravated with activity, and
alleviated with rest. Nonoperative management of
calcaneonavicular coalition may be considered as a
viable intervention.

(JCCA. 2021:65(3):350-359)

KEY WORDS: calcaneonavicular coalition,
chiropractic, conservative, non-operative management,
tarsal coalition

K Kurman, A Romanelli

naviculaire peut dépendre de nombreux facteurs, dont
I’dge, les antécédents médicaux et la chronicité de
Uaffection. Les antécédents médicaux peuvent inclure
des entorses récurrentes de la cheville en inversion,
aggravées par l’activité et soulagées par le repos.

La prise en charge non chirurgicale de la coalition
calcanéo-naviculaire peut étre considérée comme une
intervention viable.

(JCCA. 2021;65(3):350-359)
MOTS CLES : coalition calcanéo-naviculaire,

chiropratique, conservateur, traitement non chirurgical,
coalition tarsienne

Introduction

Calcaneonavicular coalition is an abnormal union bridge
between the calcaneus and the navicular or tarsal scaphoid
bone, and may be osseous (synostosis), cartilaginous
(synchondrosis) or fibrous (synfibrosis or syndesmosis).!
It is a congenital or acquired condition of the foot that
is usually diagnosed in individuals between the ages of
eight to twelve years old?, when secondary ossification
centres begin to fuse. While being the most common form
of tarsal coalitions?, it presents symptomatically in less
than 1% of the population*”. Additionally, Kernbach et
al.® note that bilateral tarsal coalitions are quite common
in the adolescent population, occurring in as many as 80%
of patients with this condition.

Patients may typically present with a slight antalgic
gait, with possible examination findings of a flattened
medial longitudinal arch, peroneal spastic flat foot, and
decreased subtalar motion.®” Pain will often be worsened
with activity and improve with rest, and they may report
recurrent ankle sprains.® While high-quality evidence for
conservative management of patients presenting with
this condition remains scarce (consisting mostly of case
reports/series)?, review of the literature involves mostly
youth/adolescent patients, with adult population manage-
ment poorly represented. Of the evidence found, some
nonoperative treatment options include activity modifi-
cation, non-steroidal anti-inflammatory drugs, orthotics,
and immobilization in a walking boot.? Considering thus
far the efficacy of these interventions has been poorly

J Can Chiropr Assoc 2021; 65(3)

established, many patients and healthcare providers still
prefer resection surgery to non-operative interventions.
Therefore, the purpose of this case report includes cal-
caneonavicular coalition and chronic pain presentations,
key radiographic findings, along with additional diagnos-
tic imaging options, and collaborative management for
this condition.

Case presentation

A 35-year-old male presented to a chiropractor with a
complaint of left lateral foot pain of nearly three years
duration. The patient reported the pain originally pre-
sented on the dorsum of the foot during the first few steps
of weightbearing. Examination revealed full ankle ranges
of motion and pain was reproduced with only digital pres-
sure between the third and fourth digits. In addition to
the orthopaedic examination, x-rays were prescribed to
rule out any osseus abnormalities. Due to various pos-
sible factors (including human error in foot positioning,
or radiographic interpretation), the original radiographic
report revealed an os trigonum to be the only abnormal
finding, and thus the patient was diagnosed as having an
interdigital neuroma.

Following intermittent resolution of his symptoms, the
patient returned 18 months later to the same facility com-
plaining of pain more laterally in the foot, aggravated by
activities (soccer) involving running for any more than a
few minutes. On this occasion examination findings were
positive for left ankle instability (anterior drawer test)
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Figure 1.
Cuboid EMT with use of toggle board drop piece.

and cuboid syndrome (dorsal plantar cuboid shear test of
cuboid on calcaneus), though were notably negative for
any navicular tenderness/immobility. Of note, anterior
drawer test has a sensitivity of 0.74 95% CI (0.58-0.86)
and specificity of 0.38 95% CI (0.24-0.56).° Attempts at
determining the specificity and sensitivity of the shear
test for cuboid syndrome were unsuccessful, with Curall
noting a lack of any evidence-based guidelines for this
condition.'

Intervention originally included soft tissue treatment
(Achilles tendon, gastrocnemius/soleus complex, and
peroneal musculature), laser (lateral ligaments), proprio-
ception activities, and foot mobilizations to the cuboid as
needed. Cuboid intervention was performed through the
use of a toggle-board extremity drop piece. The patient’s
foot was placed in a neutral position with slight eversion
on the drop piece. The practitioner placed their second
and third digits under the cuboid. Using a high-velocity
low amplitude thrust on the dorsal surface of the foot
(towards the floor), the cuboid is translated dorsally into
its normal biomechanical position in relation to the sur-
rounding tarsals and metatarsals (Figure 1). Additionally,
taping of the cuboid was performed to provide additional
support and stability to the lateral foot through the use
of Leukotape rigid stressing tape and (since it cannot be
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Figure 2.
2A (left). Cuboid taping with noted beginning of tension
direction (“B”).
2B (right). Cuboid taping with noted direction of tension
(arrows) and end point (“E”).

applied directly on skin) generic surgical dressing tape. A
loop of surgical dressing tape is applied around the mid-
foot area directly to the skin. The rigid tape is then applied
on the plantar aspect of the midfoot, and tension is ap-
plied around the lateral aspect of the foot to the dorsum of
the foot) to simulate proper dorsal stability for the cuboid.
Given the ability of prolonged adherence of the surgical
dressing tape, the tape job can safely remain for as long as
the tape adheres (two to three days) or as needed (Figures
2a and 2b). Additionally, taping or bracing of the ankle
was recommended for sporting activities.

After many months of recurrent intermittent foot pain
and multiple inversion sprains, the patient’s subjective
pain reporting would continue to vary. On some days they
reported pain and difficulties with activities, and on others
reported feeling as beginning to show moderate improve-
ment under the authors’ care, even expressing during one
visit they might be on the way to a “full recovery”. During
this time the patient had also noted an increased sensitiv-
ity in the foot, with the area of pain changing and wid-
ening over time.

Management of the patient reached a turning point
when the patient presented to the clinic unable to weight
bear on the left foot after a soccer game the previous
evening, with no reported mechanism. X-rays were im-
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Figure 3.

AP and oblique radiograph views of a 35-year-old
male with calcaneonavicular coalition. On the AP view
note how the proximal portion of the navicular is wider

than the talonavicular joint, and the lateral aspect of
the navicular has a tapered, elongated appearance.

On the oblique view, the accessory joint formed at

the anterior calcaneal process and lateral aspect of

the navicular (arrow), consistent with a cartilaginous
calcaneonavicular coalition.

mediately prescribed under the suspicion of a stress frac-
ture. Radiographic interpretation revealed diagnosis of a
calcaneonavicular coalition (see Figures 3 and 4), with no
other findings. A walking boot was prescribed, along with
referral to a sports medicine physician for further imaging
and an orthopaedic consultation.

The sports medicine physician recommended con-
tinued use of the walking boot, along with referral for a
bone scan and MRI (Figures 5-7) and orthopaedic con-
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Figure 4.

A lateral radiograph of the same patient. Note the
elongation of the superior calcaneus (arrow) and
flattening of the longitudinal arch. Additionally, a non-
united posterior talar process is detected, consistent with
an os trigonum (thin arrow).

Figure 5.
Axial T1-weighted MRI image. As in Figure 3, note
the proximal portion of the navicular is wider than
the talonavicular joint, and the lateral aspect of the
navicular has a tapered, elongated appearance. Unlike
the radiograph, sclerosis, bone proliferation, and
irregularity of the calcaneonavicular joint (arrow) more
visibly demonstrates this non-osseous joint coalition.
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Figure 6.

Sagittal T1-weighted MRI image. As in Figure 5, there
is demonstration of a prominent anterior process of
the calcaneus (arrow), equivalent to the radiographic
anteater sign.

sultation regarding possible surgical intervention. The
patient remained in a walking boot for four weeks and
continued to receive conservative care, while experien-
cing intermittent bouts of lateral foot pain.

During boot immobilization, intervention involved
soft tissue treatment as above, pain control (pre-mod-
ular interferential current), intrinsic foot exercises, and
isometric ankle strengthening. The patient was also en-
couraged to continue with non-impact aerobic activities
(stationary bike, swimming). Following removal of the
walking boot, the patient’s rehabilitation consisted of
resistance band strengthening (focusing on dorsi-flexion
and eversion), single leg proprioception activities (one-
legged stance, star excursions, progressing onto unstable
surfaces), and closed kinetic chain strengthening (sin-
gle-leg squat). All exercises began with a focus on func-
tional strength increases (3 sets of 10-12 repetitions), with
eventual progression to functional endurance (2 sets of
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Figure 7.

Sagittal T2-weighted fat-suppressed MRI image. with
a visualized joint and adjacent bone marrow edema
(arrow), and a small subchondral cyst in the elongated
process of the calcaneus.

15-20 repetitions). The patient was instructed to perform
these exercises daily (when not in clinic), and sets/reps
and frequency were adjusted as the patient’s symptoms
improved and objective measurement improved (See
Table 1).

Passive management consisted of soft tissue treatment,
mobilizations of the first ray and talus (ensuring normal
accessory movements through the sagittal planes) and
pain control (as needed). Upon re-evaluation of the foot a
90% improvement was noted, although with a new com-
plaint of bilateral plantar fascial pain. In addition to above
interventions, the patient was prescribed full-length cus-
tom orthotics for use in all footwear. Given confirmation
of the radiological findings at re-evaluation (and the MRI
results), the patient declined the option of coalition resec-
tion and decided to modify his activities. At the time, the
patient opted for swimming as a primary aerobic activ-
ity as they were apprehensive that the impact of soccer
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ground actively trying to lift the
medial arch of the foot

3 x 10-12 repetitions

Table 1.
Rehabilitation exercise protocol
Exercise: Description: Visual:
1. Short Foot Press the ball of the big toe into the

2. Isometric foot

i. Dorsiflexion

strength ii. Eversion
iii. Inversion
iv. Plantarflexion
Hold each exercise for 3x30
seconds meeting the resistance of
the band, with no added movement

3. Banded
strengthening

i. Resistance band
dorsiflexion

With the resistance of the band,
actively pull the toes toward your
body

Functional Strength:
3 x 10-12 repetitions/daily

Functional Endurance:
2 x 15-20 repetitions/daily

ii. Resistance band
eversion

With the resistance of the band,
actively turn the foot outward

Functional Strength:
3 x 10-12 repetitions/daily

Functional Endurance:
2 x 15-20 repetitions/daily

J Can Chiropr Assoc 2021; 65(3)
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Table 1.
Rehabilitation exercise protocol — Continued

Exercise:

Description:

Visual:

4. Single leg stance
(star excursions)

While standing on the affected
leg, reach forward as far as you
can with the opposite leg while
maintaining your balance. Do the
same reaching out to the side,
followed by reaching back.

Functional Strength:
3 x 10-12 repetitions/daily

Functional Endurance:
2 x 15-20 repetitions/daily

5. Closed kinetic chain

i. Single leg calf raises

While standing on the affected leg,
raise your heel off the ground

Functional Strength:
3 x 10-12 repetitions/daily

Functional Endurance:
2 x 15-20 repetitions/daily

ii. Single leg split squat

While standing on the affected leg,
have the opposite foot propped up
on a sturdy chair.

Bend your knee lowering yourself
down, driving the knee over the toe

Functional Strength:
3 x 10-12 repetitions/daily

Functional Endurance:
2 x 15-20 repetitions/daily

would re-aggravate his foot pain. However, at one-year
follow-up the patient was happy to report that they grad-
ually returned to soccer, using the custom orthotic in their
footwear. To date the patient has not experienced any foot
discomfort with all activities.
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Discussion

Pain presentation
In the adult population, many tarsal coalitions are dis-
covered incidentally while a patient is being evaluated
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for a different condition.!! Varner et al.'? retrospective-
ly reviewed 27 adult patients with a coalition and found
that two-thirds of these were discovered during workup
for symptoms such as an ankle instability and sinus tarsi
pain, whereas one-third of the adult patients were com-
pletely asymptomatic. With a calcaneonavicular coalition
restricting motion in the midfoot, forceful motion beyond
the restricted range may result in partial or complete
ligamentous injuries to the ankle. If hindfoot or midfoot
motion is restricted, more trauma is inflicted to the ankle
ligaments in an effort to dissipate the forces exerted. In
cutting, pivoting, or decelerating, different mechanisms
may result in different injuries."

In addition to the added stress placed on other struc-
tures of the foot due to the coalition, one must also con-
sider the chronic presentation of this condition over time.
Osteoarthritic changes were observed on the Sagittal
T2-weighted fat-supressed MRI in Figure 7 including:
bone marrow edema and a small subchondral cyst. It is
likely that these degenerative changes could have con-
tributed to the recurrent bouts of pain experienced by the
patient.

Additionally, due to the patient’s prolonged pain com-
plaints and change in clinical presentation area, the possi-
bility of nociceptive hypersensitivity was also considered.
In states of chronic pain, nociceptive and non-nociceptive
sensory afferents are sensitized."* One mechanism used to
describe the genesis of chronic pain is peripheral sensi-
tization, which constitutes a decreased threshold and in-
creased responsiveness of nociceptors due to post-trans-
lational changes in the area and altered trafficking of
transducer receptors and ion channels."> Also known as
primary hyperalgesia, this sensitization of nociceptors
is a protective action of the human body to prevent use
and consequent further damage to traumatized area and
surrounding tissues. However, with a diffuse pain distri-
bution central sensitization, which is a process character-
ized by generalized hypersensitivity of the somatosensory
system'®!7, As Nijs et al.'® note, the longer pain persists,
the more likely central sensitization becomes a more
dominant component to the clinical presentation. Given
the timelines of the patient’s complaint and the fact their
pain location (lateral foot) was different from the area of
coalition, the practitioner could therefore consider sensi-
tization as an additional contributing factor in the clinical
presentation.
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Imaging diagnosis

Due to the different types of possible coalition, a review
of literature revealed differing viewpoints on imaging for
this condition. One review reported that as many as 94%
of adult coalitions could be found on plain radiographs
alone.!> However, Hochman et al.'® suggested CT is the
best imaging technique for examining coalitions, based
on its ease of use, allowance for bilateral comparison, and
improved visualization of the location, size, and type of
coalition. Yet another paper noted that despite suggest-
ive clinical signs, standard X-rays may miss the diagnosis
due to the lack of synostosis.! MRI identified, located and
characterized symptomatic lesions that were not neces-
sarily visible on CT, enabling preoperative planning for
adapted surgery.

In terms of radiographic diagnosis, one paper sug-
gested routine anteroposterior and lateral unenhanced
radiographs are a sensitive screening test for both talo-
calcaneal and calcaneonavicular coalitions, even with ob-
servers who had no prior experience.” However, others
opined that calcaneonavicular coalitions are difficult to
visualize on radiographs due to the complex orientation
of the joint; thus the best view to see the coalition is an
internal oblique view as this lays the calcaneonavicular
interface out for inspection and therefore best displays
various signs of a calcaneonavicular coalition.® In accord-
ance to the literature, the coalition was best visualized in
the AP oblique view (Figure 3).

Crim et al® note a calcaneonavicular bar can be seen
on anteroposterior radiographs in a substantial number of
coalition cases if careful attention is paid to the lateral
margin of the navicular bone. The shape of the navicu-
lar bone is altered by the presence of a coalition.” There-
fore, in addition to showing the calcaneonavicular bar, the
anteroposterior radiograph often reveals that the proximal
portion of the navicular bone is wider than the talonavi-
cular joint and that the lateral aspect of the navicular bone
has a tapered, elongated appearance. Other radiographic
features that have been shown to indicate the presence of
a calcaneonavicular coalition (as seen in this case) include
the “anteater nose”, seen on the lateral view as an elon-
gation of the anterior process of the calcaneus toward the
navicular for a calcaneonavicular coalition."” Lawrence et
al note the presence of this elongated anterior calcaneal
process is highly suggestive of a calcaneonavicular coali-
tion, with a specificity of 94%.
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Operative versus nonoperative management

In terms of management, most of the literature revealed
management through surgical resection of the coalition.
Cohen et al.* noted that resection of a calcaneonavicular
coalition in the adult (in the absence of significant degen-
erative changes of the talonavicular and subtalar joints),
could be successful, providing an option to arthrodesis
when nonoperative methods have failed. Additionally,
Mahan et al.®*® noted that although physician-based out-
comes such as foot alignment are important in tarsal co-
alition surgery, patient-reported outcomes of pain, daily
function, and return to high-level sports are of paramount
importance in assessing whether tarsal coalition surgery
can reliably offer a high-quality result. In their study, 73%
of patients reported unlimited activity, with no difference
in reported outcomes between the calcaneonavicular and
talocalcaneal groups.

However, unlike adolescent coalitions, nonoperative
treatment may be even more effective in the adult patient,
as many are asymptomatic or discovered after injury.**
Various studies note the treatment of adult tarsal coali-
tions should begin with nonoperative treatment. This can
include activity modification, physical therapy, orthotics,
nonsteroidal anti-inflammatory drugs (NSAIDs), and
short leg cast immobilization for 4 to 6 weeks.>'> How-
ever, while some studies have shown a nonoperative treat-
ment protocol to be effective, other authors’ results have
been variable. In their review, Flynn ef al.'' note differ-
ing success rates between 15% and 67% in non-operative
management of subtalar coalitions'?. Therefore, it may be
difficult to draw any firm conclusions.

In this case, non-operative management was successful
once a proper diagnosis was rendered. Given the myriad
subjective pain reporting by the patient and undulating
clinical presentations, prior interventions resulted in only
temporary improvements. Achieving a proper diagnosis
was the primary challenge in this case, and was reliant
upon multi-disciplinary involvement, including various
imaging modalities and chronic pain management.

Summary

Given its rare presentation in adults, differing etiologic
factors, pain presentations (including possible pain sensi-
tization), and differing views on imaging diagnosis and
management, the evidence base regarding calcaneona-
vicular coalition, particularly in the adult population, re-
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mains quite poor. This case demonstrates the challenges
experienced in the diagnosis and management of such
a condition, and the options available to a practitioner.
Additionally, as was noted earlier, the role of central
sensitization contributing to the presentation should have
been considered and could have resulted in earlier referral
for diagnostic imaging and resolution of this complaint.
Ultimately, a cooperative multi-disciplinary approach
in diagnosing this condition, along with a nonoperative
management, led to a favourable pain and functional out-
come result for the patient. While this management proto-
col was sufficient for this patient, it is important to remem-
ber many factors (i.e. presence of arthritic change) not
discussed can affect the decision making of such a case.
An evidence-based practice approach involving clinical
expertise, external evidence, and patient values and ex-
pectations must always be considered. Should nonopera-
tive management not result in favourable outcome, then
an algorithm for surgical management for adult subtalar
coalition should be considered." Prior to implementing
any such diagnostic or nonoperative management proto-
cols in a condition such as this, further investigation in
larger, controlled trials is recommended.
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Detailed management of post-traumatic distal
clavicle osteolysis in a 24-year-old female: a case

report

Nader Abdelkader, BSc, DC!
Chris deGraauw, DC, FRCCSS(C)?

Introduction: Distal clavicular osteolysis (DCO) is a
musculoskeletal pathology characterized by shoulder
pain. Given the high prevalence of shoulder pain due
to rotator cuff and subacromial injuries, DCO is often
overlooked. Conservative therapy is indicated prior
to surgical intervention. However, no literature has
described conservative management of DCO in detail.
This report will outline conservative management details
for DCO to guide future research and clinicians.

Case presentation: A 24-year-old female hockey
player presented with trauma-induced injury, where
she was diagnosed with type Il acromio-clavicular joint
separation. She presented 5-months later with residual
pain and limitations in ranges of motion (ROM).
Radiographic images revealed DCO.

Prise en charge détaillée d’une ostéolyse post-
traumatique de I’extrémité externe de la clavicule chez
une femme de 24 ans : compte rendu de cas
Introduction : L’ostéolyse de I’extrémité

externe de clavicule (OEEC) est une pathologie
musculosquelettique caractérisée par des douleurs
d’épaule. La fréquence des douleurs d’épaule dues

a des lésions de la coiffe des rotateurs et des lésions
sous-acromiales est élevée, mais I’OEEC est souvent
inapercue. Un traitement conservateur est indiqué avant
Uintervention chirurgicale. Comme aucune littérature
ne décrit en détail le traitement conservateur de cette
pathologie, nous présentons un compte rendu détaillé de
ce traitement pour guider les recherches futures et les
cliniciens.

Présentation du cas : Une joueuse de hockey de 24 ans
s’est présentée avec une blessure traumatique a l’épaule.
On a diagnostiqué une disjonction acromio-claviculaire
de type Il. Elle s’est présentée 5 mois plus tard avec des
douleurs résiduelles et des limitations de I’amplitude des
mouvements. Les radiographies ont révélé une OEEC.
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Management and outcome: Management entailed
strict rest from overhead activities followed by
rehabilitation and manual therapy. 6-months later the
patient reported resolution of symptoms, improved
ROMs, and activities of daily living.

Summary: DCO can be difficult to diagnose given its
limited etiological understanding, low incidence, and
poor radiographic sensitivity. DCO diagnosis should be
considered in cases with unresolving shoulder pain.

(JCCA. 2021:65(3):360-367)

KEY WORDS: post traumatic distal clavicle
osteolysis, acromio-clavicular separation, chiropractic,
rehabilitation, shoulder pain

N Abdelkader, C deGraauw

Prise en charge et résultats : La prise en charge a
consisté en un arrét complet des activités au-dessus
de la téte, suivi d’une rééducation et d’une thérapie
manuelle. Six mois plus tard, la patiente n’avait plus
de symptomes, avait repris ses activités quotidiennes et
I’amplitude de ses mouvements s’était améliorée.

Résumé : L’ OEEC peut étre difficile a diagnostiquer
parce que nos connaissances sur son étiologie sont
limitées, que sa fréquence peu élevée et que cette
pathologie est difficile a visualiser sur les radiographies.
Le diagnostic d’'une OEEC doit étre envisagé dans les
cas de douleurs d’épaule qui ne disparaissent pas.

(JCCA. 2021:65(3):360-367)

MOTS CLES : ostéolyse post-traumatique de
I’extrémité externe de la clavicule, disjonction acromio-
claviculaire, chiropratique, rééducation, douleur a
I’épaule

Introduction

Distal clavicular osteolysis (DCO) is a musculoskel-
etal (MSK) pathology characterized by shoulder pain in
adults. There are two types of DCO: atraumatic DCO,
caused by repetitive stress and first described in 1959 by
Ehricht and colleagues', and traumatic DCO, caused by a
traumatic injury and first described in 1961 by Kohler in
Swiss and German Literature. Atraumatic DCO has been
associated with lifting weights and at high intensities?,
whereas traumatic DCO may follow acromioclavicular
(AC) joint separation®.

Although the etiological and exact pathogenesis of
DCO is unclear, it has been previously reported by Ca-
hill and colleagues that microfractures of the subchondral
bone exist with signs of repair in the distal clavicle of sur-
gical specimens*. Although Brunet e al.’ later suggests
a pathophysiological process of synovial invasion of the
subchondral bone leading to osteolysis, Cahill’s hypoth-
esis remains more widely accepted.

Limited epidemiological data exists for DCO. A study
by Yu et al. ® reported a 6-12% incidence rate of devel-
oping osteolysis of the distal clavicle following AC joint
separations. However, the population prevalence of trau-
matic DCO remains unknown. As for atraumatic DCO,
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Nevalainen et al?* found a 5% prevalence in an adult
population with shoulder pain and further noted a high
correlation with high-intensity bench pressing.

Given the high prevalence of shoulder pain due to ro-
tator cuff and subacromial injuries, DCO is often over-
looked. Making matter worse, it is also sometimes mis-
diagnosed as AC joint separation sequalae, especially
following an acute injury. On presentation, DCO patients
complain of vague anterior shoulder pain that may radiate
to the trapezius or deltoid region. Reported aggravating
factors include weight training (e.g., bench presses, push-
ups), overhead activities and horizontal adduction. On
examination, the pain is reproduced with palpation of the
affected AC joint and with a cross-body adduction man-
euver.

Following history and physical examination, if clinical
suspicion for DCO is present, then radiographic workup
of the AC joint should be considered. Imaging may re-
veal loss of subchondral bone in the distal clavicle, cystic
changes in the subchondral bone, as well as widening of
the AC joint. As all these findings are often subtle and
difficult to detect, the images must be meticulously exam-
ined. However, a meticulously examined negative study
is still not sufficient to confidently rule out DCO. In a
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study by Yu and colleagues®, x-rays detected DCO find-
ings only 50% of the time; MRIs were more sensitive.
MRI findings include cortical irregularity, periarticular
erosions, joint widening, soft tissue swelling, and edema.¢

As for treatment, conservative management is the pri-
mary goal prior to surgical considerations.®? Despite this,
however, only few studies have outlined non-surgical
treatment options for DCO. DeFroda et al.® recommends
nonsteroidal anti-inflammatory drugs (NSAIDS), steroid
injections, activity modification, avoidance of provocative
exercises, and physical therapy. The reference reporting
physical therapy suggests mobilization techniques similar
to those utilized in treating AC joint osteoarthritis.'” There
was no pragmatic description of rehabilitative interven-
tions specific to DCO. Another study by Mestran et al."
examines seven case studies of traumatic and atraumatic
DCO patients — all seven patients underwent conserva-
tive therapy, with strongly improved clinical outcomes in
four out of the seven cases. The authors described varied
treatment methods including sling immobilization, ice,
and mobilization exercises. Again, however, there was no
descriptive mention of the specific mobilization exercises
used.

Thus, despite recommendation for conservative
management prior to seeking surgical intervention, the
literature lacks in providing clinicians with full descrip-
tions of the conservative care treatment options. This re-
port aims to describe detailed conservative management
options, effectively highlighted through a successful case,
to help guide clinicians and future researchers with DCO
management.

Case presentation

A 24-year-old female presented to the clinic with an acute
onset of left shoulder pain after a hockey injury the night
before. The patient described a mechanism of injury
where her opponent had collided with her left shoulder
from the back as she was attempting to shoot. After the
collision, the patient fell onto the ice on the same shoul-
der. The patient recalls immediate sharp, 10/10 pain that
prevented her from moving her shoulder in any direction.
Aggravating factors at the time included any movements
involving the left arm, while relieving factors included
ice-application and rest. Physical examination revealed a
minor step-defect and minimal soft tissue swelling sur-
rounding the AC joint region. Palpation reproduced pain
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directly at the AC joint and elicited tenderness over the
surrounding shoulder musculature. The left glenohumeral
(GH) active ranges of motion (ROM) were minimal with
associated pain apprehension, and the horizontal adduc-
tion test was positive for pain. The patient was ultimately
diagnosed with acute type 11 AC joint separation.

A week after the incident, the patient started to experi-
ence significant decrease in symptoms. She regained the
majority of her GH ROM and her pain was present only
at the end ranges of flexion, abduction, and horizontal
adduction. The symptoms continued to subside over the
next month and she was able to participate fully in her
work duties, daily living activities, and even her normal
gym routine.

Five months later, the patient returned to the clinic with
residual shoulder pain. Her pain was now described as no-
ticeably dull-achy, rated 3/10 on the numeric pain rating
scale, and was diffusely present throughout the anterior
and posterior aspects of her left shoulder. It was aggra-
vated by sleeping on the left side, performing work dut-
ies, holding the steering wheel while driving, overhead
weight-presses and performing handstands. Relieving
factors included rest from all the aforementioned aggra-
vating factors. The patient was otherwise healthy with no
past medical problems. Her review of systems was un-
remarkable and no red flags were raised.

Examination of the left shoulder was positive for pain
in active ranges of motion, and limited range to 130° of
flexion, 20° of extension, 110° of abduction, 90° of exter-
nal rotation, and 10° of internal rotation. There was de-
crease of strength (grade 4/5) in both external and inter-
nal rotation. Painful Arc test was positive for pain at 90°
and at end-range, and scapular dyskinesia was observed.
There was also tenderness upon palpation of the AC joint
line, as well as the surrounding shoulder and neck mus-
culature. The QuickDASH functional scale was 27.27.
Additional exam findings included joint restrictions at the
cervicothoracic junction, chest elevation and accentuated
rib flaring on functional assessment of resting inhalation,
and an anteriorly rolled shoulder.

Radiographic images taken at this time (five months
post injury) noted a subtle radiographic suggestion of
osteolysis of the distal clavicle (see Figure 1). The patient
was diagnosed with left post-traumatic distal clavicle
osteolysis.

Rest from provocative ranges of motion was adopt-
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Figure 1.
The arrow points directly at the subtle focal cortical
resorption observed in the superior aspect of the left
distal clavicular articular margin

ed immediately — again, these ranges were flexion, ab-
duction, internal rotation and horizontal adduction. The
patient then underwent a conservative management plan
for one to two times per week for ten weeks. This con-
sisted of soft tissue therapy (STT), spinal manipulation
therapy (SMT), and rehabilitation exercises. Soft tissue
therapy targeted pectoralis minor, teres minor and major,
supraspinatus, infraspinatus, subscapularis, rhomboids
minor and major, latissimus dorsi, trapezius, and leva-
tor scapulae. Spinal manipulative therapy was provided
for the cervical and thoracic spine restricted segments.
In addition, stretching exercises of the pectoralis minor
(where the body rotates away from a fixed arm position
against the wall) were also prescribed.

After her symptoms began to improve, rehabilitation
exercises were commenced. The following progressive
exercises in three-phases (see Tables 1-3) were pre-
scribed. The first phase included exercises below the hori-
zontal plane; the second phase included exercises above
the horizontal plane; and the third and last phase included
active exercises in a closed kinetic chain (see Tables 1-3
for more details). The overall purpose of the exercises
was to improve her scapular kinesis and ultimately GH
ROM.

Approximately one year after initial presentation, the
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Table 1.
Shoulder rehab below horizontal

Phase 1 Rehab Exercise

Concentric and eccentric external and
internal rotations of glenohumeral
joint using resistive band. Shoulders

are 0 degrees flexion. Elbows are at

90 degrees flexion.

Sets: 3
Repetitions: 10
Frequency: daily

Push up-plus against the wall or [ |
against a table in incline position.
Focusing on scapular control in .
protraction and retraction

Sets: 3
Repetitions: 10
Frequency: daily

Diaphragmatic breathing in supine
position with elevated legs. The focus
was to inhale while increasing intra-
abdominal pressure, then exhaling
while relaxing intra-abdominal
pressure.

Sets: 3
Repetitions: ~60 seconds -

Frequency: daily

Upright-Rows was done with resisted ]
band then eventually with weighted-
cables. The elbow is not abducted

beyond 90 degrees. Trunk is upright. .

Sets: 3
Repetitions: 10
Frequency: daily

patient was re-evaluated and her symptoms were re-
assessed. Not only did the patient report complete reso-
lution of symptoms, but prior aggravating factors such
as overhead weight-presses, and performing work duties
were no longer bothersome or of concern. On examina-
tion, follow up Quick DASH score was 4.55; palpation of
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Table 2.

Shoulder rehab above horizontal

Phase 2

Rehab Exercise

Concentric and eccentric external and
internal rotations of glenohumeral
joint using resistive band. Shoulders
are 90 degrees abduction. Elbows are
at 90 degrees flexion.

Sets: 3
Repetitions: 10
Frequency: daily

Push up-plus against horizontal
position. Focusing on scapular control
in protraction and retraction

Sets: 3
Repetitions: 10
Frequency: daily

Scapular-clocks were performed
against the wall. A resistance band
was wrapped around both arms. While
one arm is stabilized, the other moved
downwards, sideways, and upwards
against the wall in a controlled fashion
without shoulder-hiking.

Sets: 3/arm
Repetitions: 10/arm
Frequency: daily

the AC joint was no longer painful; and active GH ROM
was now full and pain free. The only positive exam find-
ing was residual decrease in strength (grade 4/5) with in-
ternal rotation.

Discussion

DCO can be difficult to diagnose given the poorly under-
stood pathology and limited etiological understanding,
the low incidence rate, and the lack of radiographic sensi-
tivity. It can be very easily missed, especially following
acute trauma. However, identifying this uncommon path-
ology in patients is crucial in order to execute the appro-
priate plan of care. Unlike most MSK conditions, initial
exercise is ought to be contraindicated in DCO patients.
As previously mentioned, Cahill and colleagues in 1982
identified microfractures of the subchondral bone in sur-
gical specimens of DCO patients. Because regular bone
fractures are usually treated with casting, splinting, or
immobilization as the primary management, the authors
suggest that microfractures present in DCO should be

Table 3.
Shoulder rehab in closed kinetic-chain

Phase 3 Rehab Exercise

Diaphragmatic breathing in supine
position with elevated legs was
progressed to a Deadbugs exercise.
The focus was to allow arm flexion
without shoulder-hiking while
maintaining diaphragmatic breathing.
A yoga ball can be used for guidance.

Sets: 3
Repetitions: 10X/side
Frequency: daily

Scapular Hangs were performed from
passive hanging position where the
trunk is in depressed position relative
to the scapula, to an engaged position
where the trunk is in elevated relative
to the scapula.

Sets: 1-2
Repetitions: 10
Frequency: daily

Bent-over rows was done with
weights. The emphasis was to focus
on scapular retraction without
shoulder hiking while maintain spinal
neutral position.

Sets: 3

Repetitions: 10

Frequency: daily

Low oblique sit according to

dynamic neuromuscular stabilization.
Isometrically depressing the scapula
relative to the trunk. The trunk is
elevated off the ground to neutral
position relative to the shoulder
complex. Ensuring diaphragmatic
breathing in this isometric position
without fatiguing into shoulder-hiking
and depressed trunk.

Sets: 3
Repetitions: 30 seconds/side
Frequency: daily
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also be treated similarly, with a period of rest before in-
itializing rehabilitation, allowing for physiological bone
healing. Therefore, patients should be educated on avoid-
ing painful ROM, to avoid reinjuring the joint pathology.
It is in the opinion of the authors that patient education
regarding bone healing and limiting provocative ranges
of motion is of high priority to improve compliance and
prognosis.

In our case, once a sufficient amount of time was given
to allow for healing and pain relief, active rehabilita-
tion was commenced with the intention to regain neuro-
muscular control of the shoulder complex. This is espe-
cially important after a period of prolonged rest. Scapular
control and its relationship to glenohumeral rthythm was
emphasized to reinstate optimum shoulder mechanics."
Emerging evidence investigating the association between
scapular dynamic stability with shoulder pathologies re-
ported different examples of altered scapular kinematics
including: reduced clavicle retraction, scapular upward
rotation, scapular posterior tilt and increased clavicle ele-
vation. As such, enhancing optimal clavicle kinematics
via scapular dynamic stability exercises is thought to al-
leviate excessive pressure on the AC joint."* This rehabili-
tation approach was particularly relevant given that our
patient demonstrated scapular dyskinesia on repeat exam-
ination.

Further addressing functional deficits, our patient dem-
onstrated chest rising with rested inhalation. As this may
indicate excessive utilization of the pectoralis minor,
deep neck flexors, sternocleidomastoid, and other sec-
ondary respiratory musculature, diaphragmatic breathing
and deadbugs were prescribed to address this functional
deficit. It is thought that diaphragmatic breathing further
strengthens core musculature by increasing intra-abdom-
inal pressure (IAP) which stabilizes the spine by activa-
tion of the diaphragm, pelvic floor, and transversus ab-
dominis. This provides a fixed stable base from which
extremity musculature can generate movement, including
the shoulder complex.'* Ensuring a fixed stable base of
support allows for optimal load transference across the
joint without mechanical stress on the passive structures
such as ligaments, joint surfaces, cartilage, and osseous
structures.

Active scapular hangs were included to improve grip
strength, as it has been shown to improve shoulder inter-
nal and external rotational torque.'® Altered scapular kin-
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ematics may not only be attributed to muscular recruit-
ment patterns'®!’, but also lack of flexibility and tissue
compliance in the scapular peri-articular musculature.
Lack of flexibility may restrict normal scapular move-
ment."® Therefore, passive care of STT and SMT of the
cervical and thoracic spine, was provided for relief of ten-
derness and improving GH ROM."

It is noteworthy to indicate that there is no consensus
regarding the cause-consequence relationship between
shoulder/neck pain and scapular dyskinesis. It is like-
ly there are several mechanisms that can contribute to
shoulder pathology such as DCO, including post-traumat-
ic stress, repetitive altered shoulder kinematics, scapular
dyskinesia, thoracic posture and/or soft tissue stiffness.
Irrespective of the direction of cause and effect, altered
neck or shoulder mechanics may jeopardise optimal shoul-
der function and consequently decrease width of the AC
joint, continuing to insult the DCO pathology. Improving
cervical and thoracic ranges of motion was considered
necessary to the shoulder biomechanics from a regional
interdependence perspective.’ Stretching was instructed
specifically for the pectoralis minor to prevent excessive
GH protraction given that our patient demonstrated an-
teriorly rolled shoulder on the symptomatic side, with the
intention to prevent excessive AC joint loading.

Of note, the patient’s step-defect did not resolve. How-
ever, this is a direct result of the traumatic incident lead-
ing to the type II AC joint separation and will not resolve
with conservative care.

This case report is not without limitations. Radiograph-
ic images were obtained but follow up imaging was not
performed to fully explore the long-term changes radio-
graphically. MRI is more sensitive to visualize DCO find-
ings® but was not deemed necessary to guide the patient
management for this case and is not routinely used due to
its high costs and limited availability. Given the decreased
sensitivity associated with X-ray findings for DCQO®, one
must consider differential diagnoses associated with the
persistent symptoms such as: chronic AC joint sprain, AC
joint instability, as well as osteoarthritis of the AC joint.
The differential diagnosis of chronic AC joint sprain (fail-
ure of initial rehab is plausible), it would not explain the
cystic findings visualized on X-ray. The second differen-
tial of joint instability is also a plausible diagnosis, but
this is unlikely since our radiographs found no evidence
of vertical instability (grade III injury particularly disrup-
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tion of the coracoclavicular (CC) ligaments) and our clin-
ical exam found no signs of malalignment on observation
or under loads.?! It is also plausible to consider horizontal
joint instability due to disruption of the AC ligaments but
there is a lack of consensus available regarding evaluation
and diagnosis.? A third differential of osteoarthritis of the
AC joint is also plausible but given the short timeline; in
this case of five months and young age of the patient; it is
unlikely arthritic in nature.

The positive outcome in this case confirms the sugges-
tion from previous literature that conservative manage-
ment should be attempted prior to pursing surgical op-
tions. Unfortunately, there is a literary gap in descriptions
of detailed and specific conservative management inter-
ventions and protocols from a manual therapy and active
rehabilitation standpoint. This case report is to provide
guidance for clinicians on a non-surgical approach for
patients with DCO. The graduated and multi-modal con-
servative approach presented is an integral component for
successful treatment of DCO.

Clinical applicability

1. Consider a diagnosis of DCO especially with a previ-
ous history of a traumatic event to the shoulder or un-
resolving superior shoulder pain with concurrent hist-
ory of repetitive overhead shoulder use.

2. Consider radiographic images after prolonged shoul-
der pain as further investigative workup. However, be
aware that DCO cannot reliably be ruled out on radio-
graphs alone and MRI may be necessary to elicit the
bony changes.

3. Once diagnosis is confirmed, halt aggravating maneu-
vers until symptoms completely subside.

4. Consider manual therapy and a sequential rehabilita-
tion protocol to restore shoulder function.
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