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Concussions are increasingly recognized as a public 
health concern. This paper evaluates Canadian 
concussion care guidelines, advocating for the inclusion 
of a broader range of healthcare professionals (HCPs) 
in concussion assessment, diagnosis, and management. 
It emphasizes the role of chiropractors, in addition to 
medical doctors (MDs) and nurse practitioners (NPs), 
highlighting their extensive training in musculoskeletal 
and neurological disorders. Chiropractors are 

Élargir les soins pour la commotion cérébrale au Canada: 
le rôle des chiropraticiens et les répercussions sur les 
politiques 
Les commotions cérébrales sont de plus en plus 
reconnues comme étant une préoccupation de 
santé publique. Le présent document évalue les 
lignes directrices canadiennes sur les soins pour la 
commotion cérébrale, en préconisant l’inclusion 
d’un plus large éventail de professionnels de la 
santé (PS) dans l’évaluation, le diagnostic et la 
gestion des commotions cérébrales. Il met l’accent 
sur le rôle des chiropraticiens, en plus des médecins 
(MD) et des infirmières et infirmiers praticien(ne)
s (IP), en soulignant leur vaste formation aux 
troubles musculosquelettiques et neurologiques. 
Les chiropraticiens sont bien placés pour gérer les 
symptômes comme les maux de tête, les douleurs du cou 
et les étourdissements, et pour utiliser des interventions 

Commentary
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adept at managing symptoms like headache, neck 
pain, and dizziness, and employing evidence-based, 
comprehensive interventions including patient education, 
exercise therapy, manual therapy, cervicovestibular 
rehabilitation, and return-to-sport (RTS) protocols. 
The paper also addresses regional variations in 
chiropractors’ roles, focusing on Ontario’s “Rowan’s 
Law,” and argues that limiting aspects of concussion 
care (assessment, diagnosis, RTS clearance) to MDs 
and NPs may result in healthcare inefficiencies and 
inequities. The findings are significant for policymakers 
and healthcare leaders, indicating a need for updated 
concussion care guidelines that integrate and utilize 
diverse HCPs. This could lead to improved patient 
outcomes, healthcare efficiency, and equity in concussion 
management across Canada. 
 
 
 
 
(JCCA. 2024;68(2):86-97) 
 
K E Y  W O R D S : chiropractic, concussion, diagnosis, 
evidence-based practice, mild traumatic brain injury, 
rehabilitation

complètes et fondées sur des données probantes, 
notamment l’éducation des patients, l’exercice 
thérapeutique, la thérapie manuelle, la rééducation 
vestibulaire et la physiothérapie de la colonne vertébrale 
cervicale, et les protocoles de retour à l’exercice 
(RE). Le document traite également des variations 
régionales des rôles des chiropraticiens, en mettant 
l’accent sur la « Loi Rowan » de l’Ontario, et soutient 
que la limitation des aspects des soins de commotion 
cérébrale (évaluation, diagnostic, autorisation RE) aux 
médecins et aux IP peut entraîner des inefficacités et des 
inégalités en matière de soins de santé. Les conclusions 
sont importantes pour les décideurs et les responsables 
de la santé, ce qui indique la nécessité de mettre à jour 
les lignes directrices sur les soins pour la commotion 
cérébrale qui intègrent et utilisent divers PS. Cela 
pourrait mener à une amélioration des résultats pour les 
patients, de l’efficacité des soins de santé et de l’équité 
dans la gestion des commotions cérébrales au Canada. 
 
(JCCA. 2024; 68(2) : 86-97) 
 
M O T S  C L É S  : chiropratique, commotion cérébrale, 
diagnostic, pratique fondée sur des données probantes, 
lésions cérébrales traumatiques légères, réadaptation

Introduction
Concussion, or mild traumatic brain injury (mTBI), has 
emerged as a significant public health concern.1,2 The inci-
dence of concussion is estimated at 200–300 per 100,000 
persons per year for hospitalized patients, likely doubling 
when including non-hospitalized patients.1,3 In Canada, 
approximately 200,000 concussions occur annually, pre-
dominantly affecting children and youth.4,5 In the United 
States (US), the lifetime prevalence of at least one self-re-
ported concussion among adolescents increased from ap-
proximately 20 to 25% from 2016 to 2020.6 A popula-
tion-based survey in the US reported that approximately 
36% of adult respondents had experienced at least one 
mTBI in their lifetime.7 Globally, the incidence of trau-
matic brain injury (TBI), including concussions, varies. A 
study involving patients from eight low- and middle-in-
come countries estimated the prevalence of TBI to range 
from less than 1% to 15%.8 This range reflects the vari-

ability in the occurrence of TBI across different LMICs, 
which can be influenced by a multitude of factors includ-
ing road safety, healthcare infrastructure, and the preva-
lence of violence in the region. The overall incidence of 
TBI per 100,000 people was greatest in North America 
(1299 cases) and Europe (1012 cases).9

	 Concussions can profoundly impact the cognitive, 
physical, and emotional aspects of life, leading to societ-
al repercussions in healthcare, education, and the work-
place.10 The growing burden of concussions, driven by 
greater participation in sports, as well as falls and motor 
vehicle collisions, has led to a heightened focus on effect-
ive management strategies.2,3 A large proportion of con-
cussions are managed in primary-care settings outside of 
hospitals and emergency departments.11 Including quali-
fied healthcare professionals (HCPs) in concussion care, 
such as chiropractors and physiotherapists, in addition 
to medical doctors (MDs) and nurse practitioners (NPs), 
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may enhance the capacity of primary-care settings to 
manage patients more effectively and in a timely manner.
This paper aims to critically examine the current state of 
concussion care guidelines in Canada, focusing on the 
roles of various HCPs in concussion assessment, diag-
nosis, and return to sport (RTS). It seeks to explore why 
the exclusive reliance on MDs and NPs for these cru-
cial aspects of concussion care might not align with the 
best interest of individuals with concussions.12-14 This is 
especially pertinent considering the multifaceted nature 
of concussion management15-17 and the growing strain on 

healthcare systems18. Considering patient-centered care 
and an evidence-based approach, this paper argues for a 
more inclusive model that recognizes the valuable contri-
butions of a broader range of HCPs, including chiroprac-
tors and physiotherapists,19 in the assessment, diagnosis 
and RTS components of concussion care.

Evidence-Based Concussion Care 
Overview of concussion care
Table 1 outlines the key stages of evidence-based con-
cussion care, from the initial observation to management 

Table 1. 
Overview of Evidence-Based Concussion Care

Category Stage Description
Assessment Observation Practitioners look for visible signs of trauma such as swelling or bruising and assess the 

individual’s behavior, balance, and coordination.15-17, 20

Symptoms 
Inquiry

Immediate inquiry into symptoms like headaches, dizziness, nausea, blurred vision, sensitivity 
to light or noise, and any signs of confusion.15-17, 20

Red Flags Vigilance for alarming signs and symptoms such as loss of consciousness, escalating 
headaches, seizures, repeated vomiting, pronounced confusion, limb weakness or numbness, 
and slurred speech. Immediate referral for emergency medical attention if present.15-17, 20

Orientation 
Questions

Assessment of the individual’s awareness of time, place, and their own identity.15-17, 20

Health History Compilation of a comprehensive health history, including the injury’s mechanism, symptoms 
experienced (somatic, cognitive, sleep, mood, vestibular-ocular motor), detailed review of 
previous concussions (e.g., dates, severity, treatment, recovery time), other physical and 
mental health conditions, lifestyle and other contextual factors.15-17, 20

Physical 
Examination

Comprehensive examination encompassing neurological assessment, evaluation of cranial 
nerves, balance and gait analysis, autonomic system evaluation, vestibular-ocular motor 
screening, and thorough examination of the cervical spine, back, and other extracranial 
regions.15-17, 20

Cognitive 
Assessment

Evaluation of the individual’s memory, concentration, and attention, possibly involving tasks 
like repeating a series of numbers or words.15-17, 20

Diagnostic 
Tools

Utilization of tools such as the SCAT-6 and SCOAT-6 (adult and child versions) to facilitate 
assessment and diagnosis.17

Management Personalized 
Approach

Addressing the unique needs of each patient, be it children, adults, or athletes, with education 
about symptoms, expected recovery trajectory, and guidance on symptom management.15-17, 20

Return to 
Learn, Work 
and Sport

Use an incremental stepwise approach to facilitate return to learn, work or sport. Prioritize 
cognitive recovery by reintegrating individuals into academic activities or work before sports. 
Provide accommodations to support a gradual return to school or work based on individual 
tolerance levels.15, 16 Ensuring athletes are symptom-free and have received clearance from a 
qualified healthcare professional before returning to their sport.15-17, 20

Prognostic 
Considerations

Adults Most adults recover within a few weeks, but a subset may experience prolonged symptoms. 
Factors such as pre-existing conditions like migraines, depression, or anxiety, may contribute 
to delayed recovery.22, 23



J Can Chiropr Assoc 2024; 68(2)	 89

C Cancelliere, S Howitt, T Halowski, C Jacobs, M Da, D Wright, G Connell, H Yu

strategies and prognostic considerations.15-17, 20-23 These 
approaches are primarily non-pharmacological and do not 
predominantly rely on conventional medical treatments. 
Importantly, HCPs beyond MDs and NPs, such as chiro-
practors and physiotherapists, are competent to provide 
this care, highlighting the potential benefits of an inclu-
sive approach in concussion care.24-32

Diagnosis and initial management
The absence of definitive biomarkers or imaging findings 
means HCPs interpret signs and symptoms, informed 
by clinical practice guidelines (CPGs) and clinical judg-
ment.15-17,20-23 Concussion is a clinical diagnosis, involving 
health history and physical and cognitive examinations. 
This diagnostic competence extends beyond MDs and 
NPs to various HCPs, including chiropractors and physio-
therapists.25, 33

	 Early management of concussion includes assessing 
and monitoring for signs and symptoms indicative of 
intracranial and cervical spine injuries that require ur-
gent medical attention.15-17,20 Various HCPs are adept at 
performing these critical initial assessments, identifying 
potential red flags for more serious underlying conditions, 
and guiding appropriate referrals.25,33 An integral part of 
this early management is the immediate removal from 
play or sport upon suspicion of a concussion. This pre-
cautionary measure is recommended in various concus-
sion guidelines and is based on the principle of ‘when in 
doubt, sit them out.’13,17 The immediate removal from play 
helps prevent further injury, allows for a timely evaluation 
by qualified HCPs, and improves recovery if a concussion 
occurred. The decision to remove an athlete from play is 
not limited to MDs and NPs. Often, those who are present 
at the time of injury are the ones making these decisions. 

This responsibility extends to team providers (e.g., athlet-
ic therapists, physiotherapists and chiropractors), as well 
as coaches, teachers and parents.17 The Concussion Rec-
ognition Tool can be used to facilitate this.17

Rehabilitation strategies and return to sport, learn 
and work
Concussion management involves multifaceted rehabili-
tation strategies, including brief initial rest followed by 
a gradual return to activity, and targeted therapies for 
specific symptoms, with common symptoms being head-
ache, neck pain, and dizziness.15-17,20 These symptoms and 
associated conditions are commonly managed by chiro-
practors, who are proficient in these strategies includ-
ing exercise therapy (including sub-symptomatic aerob-
ic training), manual therapies, treatment of the cervical 
spine, cervicovestibular rehabilitation, vestibulo-ocular 
rehabilitation, self-management strategies, and patient 
education.25

	 An important component of concussion management 
is RTS, which involves a structured process to ensure 
athletes and physically active patients can safely resume 
sports and fitness activities.17 This process typically in-
cludes physical exertion testing, cognitive evaluation, 
and a graduated increase in activity levels under medic-
al supervision. HCPs such as chiropractors, physiother-
apists, and athletic therapists possess the necessary skills 
and resources to conduct comprehensive evaluations and 
implement graduated stepwise RTS strategies.19 In con-
junction with RTS, return to learn (RTL) and return to 
work (RTW) protocols are essential for cognitive recov-
ery and are generally prioritized to ensure that individ-
uals can perform cognitive tasks effectively and without 
exacerbating symptoms.15-17 After the initial rest period, a 

Category Stage Description
Children and 
Adolescents

Often have a more extended recovery period than adults, with potential impacts on learning 
and social interactions. The developing brain of children and adolescents may be more 
vulnerable to the effects of concussions, and factors like age at the time of injury, and 
previous concussions can contribute to delayed recovery.16, 17, 20, 21

Athletes Unique recovery landscape due to their activities and eagerness to return to their sport. 
Importance of ensuring they are symptom-free before returning. Factors such as the number 
of previous concussions, the severity of the current concussion, and the sport’s nature can 
influence recovery time and contribute to delayed recovery.17, 23

SCAT-6: Sport Concussion Assessment Tool – 6th edition; SCOAT-6: Sport Concussion Office Assessment Tool - 6th edition
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gradual reintroduction to cognitive tasks is initiated, with 
a gradual stepwise reintegration into educational or work 
activities. For students, this may involve accommodations 
such as reduced homework loads or extended test-taking 
times, progressing towards full academic activities. In the 
workplace, a similar approach is taken, starting with re-
duced hours or lighter tasks and gradually increasing to 
pre-injury job responsibilities. Throughout this process, 
communication with educators, employers, and healthcare 

providers is essential to tailor the RTL and RTW plans to 
the individual’s progress and to adjust accommodations 
as needed. Chiropractors, physiotherapists, and athletic 
therapists can assist with RTL and RTW by providing 
interventions that address concurrent physical symptoms 
which may impact cognitive function, such as neck pain 
or dizziness, and by advising on activity modification to 
prevent symptom exacerbation. These professionals can 
also offer ergonomic modifications and self-management 

Table 2. 
Position statement by chiropractic bodies

Position statement on the assessment, diagnosis and management of concussion by the CCGI, CCA and RCCSS(C)
Chiropractors have the clinical training to assess, diagnose, and manage mild traumatic brain injury (mTBI)/concussion.

The diagnosis of mild traumatic brain injury (mTBI)/concussion is based on clinical criteria established with a health history, thorough physical 
examination, and exclusion of other serious injuries. Currently, there are no gold standard diagnostic tests.

According to the WHO Collaborating Center Task Force1:

“Mild traumatic brain injury (mTBI) is an acute brain injury resulting from mechanical energy to the head from external physical forces. 
Operational criteria for clinical identification include:

	 • � one or more of the following: confusion or disorientation, loss of consciousness for 30 minutes or less, post-traumatic amnesia for less 
than 24 hours, and/or other transient neurological abnormalities such as focal signs, seizure, and intracranial lesion not requiring surgery; 
and

	 • � Glasgow Coma Scale score of 13-15 after 30 minutes post-injury or later upon presentation for healthcare.

These manifestations of mTBI must not be due to drugs, alcohol, medications, caused by other injuries or treatment for other injuries (e.g. 
systemic injuries, facial injuries or intubation), caused by other problems (e.g. psychological trauma, language barrier or coexisting medical 
conditions) or caused by penetrating craniocerebral injury.” (p. 115)

To diagnose, clinicians should rule out serious injuries to the head, neck and other bodily areas and differentiate signs or symptoms caused by 
other conditions (e.g., drugs, medications, other injuries) with a thorough health history and physical examination including a neurological 
examination. Once diagnosed, chiropractors should assess patients for associated conditions or comorbidities that may delay recovery (e.g., 
back pain, prior mental health issues, neck injury, learning disabilities, headache).2

Prompt referral for emergency medical attention may be required for persons with a suspected concussion. Chiropractors should monitor and 
educate patients about the associated signs and symptoms of serious pathology and refer to an appropriate diagnostic facility to investigate/
confirm.

The pillars of concussion management once medical emergencies are ruled out are patient education, return to activity guidance, and symptom-
targeted treatment.3 Given the wide variation of symptoms that patients may present with after concussion, a collaborative, multidisciplinary 
approach to care is recommended. Keeping this in mind, chiropractors are well-positioned to manage or co-manage patients, such as those 
presenting with the common complaints of headache, neck and back pain, upper extremity pain, and vestibulo-ocular symptoms. Chiropractors 
are also able to screen for other symptoms (e.g., psychological, cognitive), which may warrant prompt referral.
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strategies to facilitate a successful transition back to daily 
cognitive tasks. The integration of cognitive and physic-
al rehabilitation is crucial, as cognitive exertion can in-
fluence physical symptoms and recovery and vice versa. 
Therefore, a clinician network involving a multidisci-
plinary team can address the complexities of concussion 
management and to support the individual’s return to their 
daily life activities, including sports, learning, and work. 
The latest guidelines15-17 emphasize the importance of an 
individualized and graduated approach to both physical 
and cognitive activities post-concussion. 

Position Statement by Chiropractic Bodies
The evidence-based position statement (Table 2) by the 
Canadian Chiropractic Guideline Initiative (CCGI), 
Canadian Chiropractic Association (CCA), and Roy-
al College of Chiropractic Sports Sciences (Canada) 
(RCCSS(C)) highlights chiropractors’ role in concussion 
care. It emphasizes chiropractors’ comprehensive assess-
ment and diagnostic skills, including neurological and 
musculoskeletal evaluations, and their ability to manage 
common concussion symptoms as well as during return to 
sport. Of note, as part of a comprehensive treatment plan, 
spinal manipulative therapy (SMT) is a commonly used 
procedure in chiropractic care, typically targeted towards 
addressing concurrent musculoskeletal issues, such as 
neck or back pain, and headaches, consistent with current 
CPGs.15,34-36

	 In the realms of screening versus diagnosis, chiroprac-
tors play a pivotal role. They are often the first point of 
contact for patients and are trained to recognize a broad 
spectrum of signs, symptoms, and conditions ranging 
from physical manifestations to psychological disorders 
and cognitive impairments. Within their scope of prac-
tice, chiropractors are competent in diagnosing and man-
aging concussions, and are equipped to use appropriate 
patient-reported outcome measures (PROMs) to screen 
for signs of potential comorbidities (e.g., psychological 
conditions such as depression, anxiety, or post-traumat-
ic stress disorders [PTSD]). These tools include, but are 
not limited to, the Patient Health Questionnaire (PHQ-9) 
for depression,37 the Generalized Anxiety Disorder 7-item 
scale (GAD-7),38 and the PTSD Checklist for DSM-5 
(PCL-5).39 Such  instruments are validated for use in clin-
ical settings and can help chiropractors identify patients 
who may require further evaluation by qualified health-

care practitioners for definitive diagnosis and appropriate 
treatment. This collaborative approach enhances the qual-
ity of care and supports efficient patient management.

Current State of Concussion Care Guidelines in 
Canada
Recent guidelines in Canada, such as those proposed by 
Parachute Canada,12 and reinforced by Rowan’s Law,13 
and the Government of Canada40 have predominantly fo-
cused on MDs and NPs for the assessment and diagnosis 
of concussions. The Ontario Ministry of Health’s Living 
Concussion Guidelines also offer comprehensive proto-
cols for both adult15 and pediatric16 concussion manage-
ment, similarly advocating primarily for the involvement 
of MDs and NPs in these phases.
	 Delving into the Ontario context, under Rowan’s 
Law,13 only MDs and NPs are explicitly designated as the 
HCPs responsible for assessing athletes and providing 
confirmation of medical clearance for their return to un-
restricted participation in amateur competitive sport. The 
regulations apply to everyone under the age of 26, with 
an exception for universities and colleges where it applies 
to individuals of all ages. In the meantime, Rowan’s Law 
mandates the removal of an athlete from sport if a con-
cussion is suspected, which can be done by any HCP or 
person (e.g., coach, teacher, parent).
	 This decision, aimed at standardizing care, has not 
been substantiated with evidence or rationale explaining 
why other qualified HCPs are not equally considered for 
the roles of concussion assessment, diagnosis and RTS 
clearance.41 While the guidelines acknowledge the role of 
other HCPs in the broader management and rehabilitation 
of people with concussion, the emphasis on MDs and NPs 
for the initial critical stages of assessment and diagnosis, 
as well as RTS clearance raises questions about the opti-
mal utilization of healthcare resources and the potential 
for more timely and appropriate care, which may result 
in better patient outcomes and a reduced burden on the 
healthcare system.42, 43

	 In rural and remote areas of Canada, where access to 
MDs or NPs is limited or non-existent, the guidelines 
permit another licensed HCPs, such as a nurse or chiro-
practor, to perform the role of concussion assessment and 
diagnosis, in communication with a NP or MD.14 This 
provision highlights a disparity in the application of the 
guidelines based on geographic location. It suggests that 
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in underserved areas, other HCPs are deemed competent 
to assess and diagnose concussions due to necessity, yet 
the same level of trust and responsibility is not extended 
to these professionals in well-served areas. This inconsis-
tency raises critical questions about the perceived compe-
tence of HCPs based on geographic location and the po-
tential underutilization of skilled HCPs, who are trained 
and capable of contributing significantly to concussion 
care in different settings.

Reconsidering the Restriction: Broadening 
Concussion Care Beyond MDs and NPs 
Training and competence in concussion care
This section compares the training of MDs, NPs, chiro-
practors, and physiotherapists, highlighting the special-
ized knowledge of HCPs such as chiropractors in concus-
sion care and advocating for their inclusion in concussion 
assessment, diagnosis, and RTS.
	 MDs receive extensive training across various med-
ical fields, including neurological evaluation. However, 
the focus on concussion management can vary based on 
specialization and interest areas.44 Similarly, NPs inte-
grate both nursing and medical models in their education, 
covering diagnosis and management of health conditions, 
including neurological evaluations.45 The depth of their 
focus on concussion management can also vary. Research 
has highlighted the variability in the knowledge and con-
fidence of MDs and NPs in managing concussions, in-
cluding gaps in their ability to diagnose, manage patients 
with concussion, and make RTS decisions.46-50

	 In contrast, chiropractors and physiotherapists in Can-
ada are provided with robust foundational training in con-
cussion care.24-32 Chiropractic programs, such as those at 
the Canadian Memorial Chiropractic College (CMCC),27 
Northeast College of Health Sciences,28 and Northwestern 
Health Sciences University,30 offer extensive training in 
diagnosing and treating musculoskeletal and neurological 
disorders, including traumatic injuries relevant to concus-
sion management. This training includes comprehensive 
courses in anatomy, neurology, musculoskeletal disor-
ders, neurological assessment (central, peripheral, cranial 
nerves), and diagnostic imaging.27,51-53 The curriculum in-
tegrates basic sciences, pathology, diagnosis, orthopedics, 
public health, and clinical decision-making, with a strong 
emphasis on differential diagnosis skills. Chiropractic 
programs often delve deeper into areas  such as neuro-

logical assessment and traumatic injuries than traditional 
medical school curricula,44 aligning these competencies 
with those of MDs and neurologists.
	 Further, chiropractic licensing examinations confirm 
these competencies on entry to practice. These competen-
cies and the profession’s dissemination of CPGs highlight 
the profession’s commitment to evidence-based care in-
cluding concussion management.25,41,51

	 At the University of Toronto Medical School, a curricu-
lum scan reveals that courses addressing Emergency Medi-
cine, Complexity and Chronicity, Traumatic Brain Injury, 
Concussion, and Intracranial Mass Lesions are designed 
to integrate concussion education within the broader med-
ical training framework.44 Medical students participate in 
approximately 10 hours of targeted concussion-related in-
struction, encompassing didactic lectures, seminars, case-
based learning, and directed independent learning.
	 Similarly, at the CMCC, chiropractic students receive 
approximately 7 hours of lecture and an additional 8 hours 
of cased-based discussion/experiential learning focusing 
on concussion. The curriculum extensively covers con-
cussion-related topics across several modules, including 
Clinical Practice, Neurodiagnosis, Systems Pathology, 
Emergency Care, Child Care, Clinical Psychology, and 
Rehabilitation.29 These courses address the pathophysiol-
ogy of brain injuries, trauma mechanisms, and assessment 
techniques such as the Sport Concussion Assessment Tool 
– 6th edition (SCAT 6) and the Glasgow Coma Scale. 
Additionally, they cover rehabilitation strategies aimed at 
returning individuals to function, work, school and sport. 
This curriculum ensures that chiropractic students receive 
comprehensive theoretical and practical exposure to con-
cussion care, comparable to medical programs but with a 
unique focus on manual and rehabilitative therapies.
	 It is important to acknowledge the inherent challenges 
in precisely quantifying the extent of concussion educa-
tion within all curricula. Education opportunities relat-
ed to concussion care are embedded throughout various 
courses and clinical experiences. This includes settings 
such as small group discussions, clinical rotations, and 
laboratory sessions, where both spontaneous and struc-
tured learning moments about concussion care can sig-
nificantly enhance the educational experience. This dy-
namic and integrated approach to teaching allows for a 
deep, practical understanding of concussion management 
across different healthcare disciplines.
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	 Furthermore, ongoing competencies in concussion 
management are integral to the continuous education 
of various HCPs, including MDs, NPs, chiropractors, 
physiotherapists, athletic therapists, and occupational 
therapists.55 The widespread availability of these pro-
grams indicates a commitment to equipping HCPs with 
the latest knowledge and skills in concussion manage-
ment.

Access to care and healthcare system efficiencies
Timely and appropriate care is a key predictor of re-
covery in concussion management, encompassing as-
sessment, diagnosis, and RTS protocols.56,57 The current 
restriction of these aspects of concussion care to MDs 
and NPs may inadvertently delay care, impacting the ef-
fectiveness of recovery and decision-making processes 
in these areas. Expanding access to other qualified HCPs 
can improve patient outcomes. Chiropractors are adept 
at initiating early rehabilitation, an important factor in 
effective concussion recovery. Their expertise in exercise 
therapy, manual therapies, cervicovestibular rehabilita-
tion, and patient education positions them to contribute 
significantly not only to the assessment and diagnosis 
of concussion but also to the RTS process. This is es-
pecially pertinent given the guidelines that advocate for 
the initiation of rehabilitation within a specific timeframe 
post-concussion. Primary care physicians often face chal-
lenges in meeting these guidelines due to long wait times 
and lack of specialized facilities, such as treadmills. In 
contrast, HCPs such as chiropractors, physiotherapists 
and athletic therapists can provide timely and effective 
rehabilitation services, often with immediate access to 
the required resources.
	 The inclusion of these professionals in concussion 
care is essential in addressing the systemic shortages of 
MDs and NPs,18 which can result in delays in assessment, 
diagnosis, and management, potentially worsening pa-
tient outcomes and prolonging recovery times. The cur-
rent guidelines, which limit the diagnosis of concussions 
and the confirmation of medical clearance for athletes’ 
return to unrestricted amateur competitive sport to just 
MDs and NPs,12,13,15,38 do not align with evidence-based 
healthcare principles. Such restrictions can lead to in-
efficiencies and inequities. Furthermore, this focus on 
concussions means MDs and NPs will have less time to 
address other health concerns. By recognizing the com-

petence of chiropractors and other practitioners in assess-
ing, diagnosing, managing concussions, and facilitating 
RTS protocols, the healthcare system can alleviate some 
of this strain. Allowing these professionals to fully work 
within their scope facilitates quicker patient recognition, 
intervention, and safe reintegration into athletic activ-
ities. This approach not only enhances patient outcomes 
but also contributes to more efficient and equitable 
healthcare delivery.

Medical interventions not often required
Most concussion cases do not require advanced diagnos-
tic imaging, and chiropractors are trained to identify red 
flags that necessitate emergency referrals.15,16,20 There is 
no direct treatment for the physiology of concussion, but 
early symptom management and education are import-
ant.15, 17 While medications may be used in the treatment 
of concussions, they are not typically used alone as a 
first-line treatment.15, 17 Instead, they are part of a compre-
hensive treatment plan that includes other non-pharmaco-
logical interventions, such as relative rest, education, and 
various therapies tailored to the patient’s symptoms. This 
approach is in line with the evidence-based treatment of 
concussions and ensures that all aspects of the patient’s 
health are considered to facilitate recovery. Chiropractors 
contribute to this approach with their focus on individ-
ualized symptom management and rehabilitation, which 
is in line with current evidence-based treatment of con-
cussions.

Return to sport clearance
Evidence suggests physical exertion testing along with 
physical and cognitive evaluation.17 HCPs other than 
MDs and NPs (e.g., chiropractors, physiotherapists, 
athletic therapists) are more likely to have the resour-
ces, time, and competencies to do this. The inclusion of 
physical exertion testing in RTS protocols is increasing-
ly recognized as best practice.17 These other HCPs, with 
their expertise and access to necessary equipment, are 
well-positioned to conduct such evaluations. Their role 
in this process ensures that athletes undergo a compre-
hensive assessment that integrates both physical and cog-
nitive evaluations.
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Emerging Role of Chiropractors in Concussion Care
Concussion management often necessitates a multidisci-
plinary approach, with chiropractors playing an important 
role. Most concussion cases do not require advanced diag-
nostic imaging and chiropractors are competent at identi-
fying urgent signs and symptoms that demand immediate 
attention. Chiropractors’ involvement should adhere to 
patient-centered needs and evidence-based practices, en-
suring their contributions are both effective and timely.
	 Chiropractors are proficient in managing common 
symptoms such as neck pain, headaches, and dizziness, 
which aligns with the non-pharmacological emphasis of 
current concussion treatment guidelines. It is essential, 
however, to clearly define the scope of chiropractic care 
within the broader concussion management spectrum. 
This ensures their practices complement other  treatments 
and remain current with the latest educational advance-
ments.
	 The potential benefits of incorporating chiropractors 
into concussion care teams are significant, provided there 
is ongoing and consistent training in concussion patho-
physiology and management. While chiropractic pro-
grams provide a solid foundation in neurology and mus-
culoskeletal care, standardizing this training across edu-
cational institutions is crucial for ensuring chiropractors 
are effectively integrated into multidisciplinary teams.
	 Moreover, effective communication among these 
teams is paramount. Chiropractors must collaborate with 
other healthcare professionals to support the patient in 
making informed care decisions that reflect a comprehen-
sive understanding of their health history and the latest 
research.
	 The recent discourse increasingly recognizes chiro-
practors’ role, especially in managing post-concussion 
symptoms and sports-related concussion (SRC) within 
these teams.17, 19 As primary contact healthcare profes-
sionals, their early interactions with patients with concus-
sion position them to initiate appropriate care quickly and 
refer when necessary.
	 Chiropractors are encouraged to engage in forums such 
as the Concussion in Sport Group (CISG) and the Inter-
national Consensus Conferences on Concussion.19 Such 
participation is important for staying informed about the 
latest concussion management research and guidelines.
	 Additionally, chiropractors should be integral to multi-
disciplinary SRC teams, not only providing care but also 

collaborating closely with other HCPs. This involves 
sharing insights, participating in case discussions, and 
contributing to the development of individualized care 
plans for athletes.
	 These developments underscore the significant value 
chiropractors add to concussion care. The clinician net-
work advocated by recent guidelines and research sup-
ports a multidisciplinary strategy.17, 19 However, this in-
tegration must be approached with a commitment to 
continuous education and collaborative practice to ensure 
safe and effective care.

Conclusion
As healthcare continues to evolve, leveraging the exper-
tise of diverse HCPs becomes paramount. Concussion 
assessment, diagnosis, and RTS are inherently clinical 
processes, and the growing prevalence and multifacet-
ed impact of these injuries necessitate a comprehensive, 
evidence-based approach. This paper highlights the sig-
nificant role that HCPs such as chiropractors, with their 
extensive training, can play in these areas. By considering 
the evidence and adapting to the evolving healthcare land-
scape, integrating the expertise of HCPs beyond MDs and 
NPs in concussion care in Canada becomes a logical step 
forward.
	 This paper has important implications for policy-
makers, healthcare administrators, and other stakehold-
ers in the healthcare sector. It calls for a reevaluation of 
current concussion care guidelines and policies to include 
a broader range of qualified HCPs. By doing so, it advo-
cates for a healthcare system that is more responsive to 
the needs of people with concussions, ensuring timely and 
effective care. The inclusion of chiropractors and other 
HCPs in concussion management can lead to improved 
patient care and outcomes, reduced healthcare inefficien-
cies, and a more equitable distribution of healthcare re-
sources. This paper serves as a call to action for policy-
makers and healthcare leaders to consider these findings 
in the formulation and implementation of concussion care 
policies and practices.
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Objectives: This sequential explanatory mixed-method 
study aimed to explore chiropractic students’ attitudes 
toward incorporating maintenance care (MC) focused 
evidence. 
	 Methods: Attitudes towards using an evidence-
based clinical protocol for maintenance care (MC), 
the MAINTAIN instrument, were assessed via surveys, 
monologue responses, dialogues, and qualitative 
feedback. Participants from a single chiropractic 

L’exploration de la motivation des étudiants en 
chiropratique en vue de l’incorporation de nouvelles 
preuves sur les soins de chiropratique d’entretien: une 
étude sur les méthodes mixtes 
	 Objectifs: Cette étude explicative séquentielle de 
méthode mixte visait à explorer les attitudes des élèves 
en chiropratique à l’égard de l’intégration des soins 
d’entretien (SE). 
	 Méthodes: Les attitudes à l’égard de l’utilisation d’un 
protocole clinique fondé sur des données probantes pour 
les soins d’entretien (SE), l’instrument d’ENTRETIEN, 
ont été évaluées au moyen d’enquêtes, de réponses 
monologues, de dialogues et de commentaires qualitatifs. 
Les participants d’un seul établissement d’enseignement 
chiropratique ont rempli des questionnaires évaluant 
leur point de vue sur la centralité du patient, la douleur 
chronique et l’incorporation de données probantes. 
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educational institution completed questionnaires 
evaluating their perspectives on patient-centeredness, 
chronic pain, and evidence incorporation. Descriptive 
statistics summarized quantitative data, while content 
analysis was used for qualitative data. 
	 Results: 74.4% (n=419) of students participated, 
mostly male (57.5%), with an average GPA of 3.15 (out 
of a maximum of 4.0). Qualitative analysis identified the 
need to clarify MC terminology and factors motivating 
students to adopt new evidence, such as quality and 
alignment with healthcare beliefs. 
	 Conclusions: This study’s findings emphasize the 
importance of refining healthcare training strategies, 
including defining terminology and addressing 
motivators for evidence incorporation, as evidence for 
MC for low back pain evolves. 
 
 
(JCCA. 2024;68(2):98-112) 
 
 
K E Y  W O R D S : chiropractic, evidence-based practice, 
maintenance care, mixed methods, students

Les statistiques descriptives ont résumé les données 
quantitatives, tandis que l’analyse du contenu a servi à 
recueillir des données qualitatives. 
	 Résultats: 74,4 % (n=419) des étudiants ont participé 
à l’étude, principalement des hommes (57,5 %), 
avec une moyenne de 3,15 (sur un maximum de 4,0). 
L’analyse qualitative a permis de déterminer la nécessité 
de clarifier la terminologie des SE et des facteurs qui 
incitent les élèves à adopter de nouvelles données 
probantes, comme la qualité et l’harmonisation avec les 
croyances en matière de soins de santé. 
	 Conclusions: Les conclusions de cette étude 
soulignent l’importance de peaufiner les stratégies de 
formation en soins de santé, notamment en définissant 
la terminologie et en répondant aux motivations pour 
l’incorporation de données probantes, à mesure que les 
preuves concernant les SE pour les lombalgies évoluent. 
 
(JCCA. 2024; 68(2) : 98-112) 
 
M O T S  C L É S  : chiropratique, pratique fondée sur des 
données probantes, soins d’entretien, méthodes mixtes, 
étudiants

Introduction
Management of low back pain (LBP) represents an im-
portant clinical challenge. LBP is highly prevalent global-
ly and results in more years lived with disability than any 
other condition.1 While some cases of LBP have a favor-
able natural history, up to two-thirds of people experien-
cing LBP will have a recurrent episode within 12 months 
of recovery.2 Given the prevalence and burden of LBP 
globally and that much of the LBP burden is a result of 
recurrences, the research community has communicated 
a call for a focus on secondary and tertiary prevention.3

	 Chiropractic Maintenance Care (MC) includes assess-
ing and treating patients at regular pre-planned intervals 
when maximum treatment benefit has been reached from 
an initial care plan, regardless of symptoms, to prevent 
future episodes and progression of conditions.4-6 Although 
MC has yet to be adequately substantiated by empirical 
inquiries, traditionally, it has been employed as a long-
term management strategy for a wide range of musculo-
skeletal disorders such as LBP. Considering this scarcity 
of knowledge, recent inquiry into the effectiveness of 

MC has demonstrated a net positive effect of MC com-
pared to symptom-based treatment only, noted as a de-
crease in total number of days with bothersome pain over 
52 weeks, albeit with more treatment visits involved on 
average.7 Eklund et al.7 investigated the effectiveness of 
maintenance care for patients with recurrent and persis-
tent low back pain in a pragmatic randomized clinical 
trial (RCT). In their trial, patients were scheduled for pre-
planned visits of one-to-three month intervals based on 
the chiropractor’s clinical assessment to either maintain 
functional status in persistent cases (tertiary prevention) 
or reduce the recurrence of pain in recurrent cases (sec-
ondary prevention). A secondary analysis of this inves-
tigation revealed that psychological profiles, as defined 
by the West Haven-Yale Multidimensional Pain Inventory 
(WHYMP), adaptive copers, interpersonally distressed, 
and dysfunctional (see Box 1 for definitions), moderat-
ed the effect of maintenance care.8 It was reported that 
maintenance care increased pain and the number of vis-
its for adaptive copers, suggesting that maintenance care 
is inappropriate for this subgroup.8 Interpersonally dis-
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tressed patients experienced no additional effect from 
MC but received slightly more visits.8 Patients classified 
as dysfunctional experienced an average of 30.0 (95% CI: 
36.6, 23.4) fewer days with activity-limiting pain over a 
12-month period, longer pain-free periods, and less acute 
flareups compared to the control group at an equal num-
ber of visits.8

	 The MAINTAIN instrument is a brief clinical assess-
ment tool that trichotomizes patients into “low probabil-
ity,” “moderate probability,” and “high probability” of 
benefiting from maintenance care for LBP. The MAIN-
TAIN instrument has exhibited very good to excellent 
diagnostic accuracy for selecting patients classified as 
dysfunctional by the WHYMP in a clinical setting.9 It 
allows for identifying high-risk patients early in a plan 
of care and subsequent stratification of these patients into 
appropriate interventions. In addition, enhanced prognos-
tic ability allows providers to improve efficiency by treat-
ing those who will receive benefits, not those who will 
not, and potentially reducing individual and community 
financial burden for chronic non-specific LBP through 
improved productivity and attendance at work.
	 Implementing the MAINTAIN instrument into clin-
ical practice may improve patient outcomes and reduce 
societal costs. However, evidence shows that knowledge 
gleaned from research findings needs to be better integrat-
ed into clinical practice.10-12 While chiropractors report 
positive attitudes and interest in evidence-based practice 
(EBP), there is evidence that many do not use research 
evidence to guide their clinical decision-making process-
es13, similar to other healthcare professions14.
	 As findings from research are often not used by clin-
icians in practice, one strategy is incorporating new evi-
dence into students’ clinical rotations. Teaching the prin-
ciples of EBP is essential in clinician training programs, 
especially during clinical rotations.15,16 Swain et al.17 dem-

onstrated that half of chiropractic students value contem-
porary scientific evidence more than traditional chiroprac-
tic principles. Presently, we know little about chiropractic 
students’ attitudes and beliefs towards maintenance care. 
Exploring students’ perceptions regarding the concept 
of maintenance care and attitudes towards incorporating 
new evidence on maintenance care may be beneficial in 
helping researchers and policymakers understand how to 
facilitate the best implementation of the MAINTAIN in-
strument, and research in general, into clinical practice.
	 Therefore, the aim of this study was to explore chiro-
practic students’ attitudes towards incorporating evidence 
on chiropractic maintenance care. Specifically, the re-
search questions posed were:

1.	� Is there a relationship between student attitudes toward 
patient-centeredness, functional expectations of LBP, 
and their evidence-based practice perspectives?

2.	� How do students perceive the concept of chiropractic 
maintenance care?

3.	� What prompts students to incorporate new evidence on 
chiropractic maintenance care?

Methods 
Study design
This study used a two-phased sequential explanatory 
mixed methods design that began with collecting and 
analyzing quantitative data, followed by a qualitative data 
collection and analysis phase (please see Figure 1 for a 
study diagram). Subsequently, the data from both phas-
es were integrated to enhance our understanding of the 
findings. A sequential explanatory mixed methods design 
with a quantitative priority was selected as it allowed the 
qualitative data to help provide a deeper understanding 
and a contextualization of the findings generated from the 
quantitative data.18

Box 1. 
West Haven-Yale Multidimensional Pain Inventory (WHYMP) psychological profiles as employed by Eklund et al.8

•	� Adaptive Copers – “low pain severity, low interference with everyday life, low life distress, a high activity level and a high 
perception of life control”8;

•	� Dysfunctional – “high pain severity, marked interference with everyday life, high affective distress, low perception of life 
control and low activity levels”8.

•	� Interpersonally Distressed – “perceive negative responses by spouses or significant others to their pain behavior and 
complaints, for example not being supportive/helpful, and expressing irritation, frustration, and anger”8;
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	 Parker University’s Institutional Review Board ap-
proved this study’s quantitative and qualitative dimen-
sions respectively (Assurance Numbers A-00219 and 
A-00220). Before data collection, participants were asked 
to read and sign a consent form for their participation in 
the study. The consent form also permitted the data to be 
further utilized for invitations to participate in the quali-
tative phase of the study. The study was conducted within 
an interpretative paradigm, assuming that knowledge is 
situated, relative, and socially constructed. The study’s 
findings are viewed as being shaped during the interaction 
between the researchers and participants and do not re-
flect an objective truth.19 This mixed methods study ad-
hered to the Good Reporting of A Mixed Methods Study 
(GRAMMS) guidelines (see Appendix 1).20

Empirical context
The setting of the study was a 3.3-year graduate Doctor of 
Chiropractic program (DCP) at Parker University (Dallas, 

TX, USA). The DCP consists of 10 trimesters, each ap-
proximately four months long.

Sample
A non-probability convenience sample of chiropractic 
students in their fifth to tenth trimester was invited to par-
ticipate in the quantitative phase of the study using in-per-
son presentations with an invitation to the online survey. 
Students in those trimesters were considered most suitable 
as they would at that point have learned about different 
forms of care, including maintenance care, in their educa-
tion at the University. Follow-up e-mails were sent to all 
qualified students at two-day intervals for a maximum of 
five attempts to maximize student responses. In the quali-
tative phase, between May and July 2021, a purposeful 
sample of students in their eighth and ninth trimesters 
were invited to contribute. Students in these trimesters 
were selected as they are the first and second terms of the 
clinical rotation/internship. These students have provided 

Figure 1. 
Study flow diagram
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patient care and would potentially be able to provide more 
insight into the topics explored in the qualitative phase.

Quantitative data collection
The study questionnaire consisted of demographic ques-
tions such as gender, prior education, and self-reported 
grade point average (GPA), along with the scale of evi-
dence perspectives (SoEP) developed by McGregor et 
al.21 (2014), the Patient-Practitioner Orientation Scale 
(PPOS)22 to assess attitudes toward patient-centeredness, 
and the Health Care Providers’ Pain and Impairment 
Relationship Scale (HC-PAIRS)23 to assess attitudes to-
wards chronic pain patients. We hypothesized that high-
er PPOS scores, thus, more patient-centered attitudes, 

would correlate with lower HC-PAIRS scores and more 
evidence-based perspectives. The questionnaire was ac-
cessible via QR code distributed by invitations extended 
to students through e-mail and live presentations between 
January and November 2021 using the Research Elec-
tronic Data Capture (REDCap) data management soft-
ware.24,25

	 McGregor et al.21 developed and validated the SoEP 
to elicit divergent perspectives held by chiropractors and 
categorized chiropractors into six possible subgroups (see 
Box 2) based on their perceptions of the conditions they 
treat. The SoEP measures the single question: “Which 
ONE of the following best describes the predominant 
view you have of the conditions you treat/you will treat?”

Box 2. 
Chiropractic subgroups as defined in the Scale of Evidence Perspectives (SoEP) by McGregor et al.21

•	� (1 - most evidence-based perspective) Biomechanical- “I treat/will treat musculoskeletal or neuromusculoskeletal problems 
and may include specific disorders such as low back and neck-related pain”;

•	� (2) General Problem/Biomechanical- “I treat/will treat a combination of general problems and biomechanical group 
complaints”;

•	� (3) Biomechanical/Organic Visceral– “I treat/will treat a combination of biomechanical group and organic/visceral 
complaints”;

•	� (4) General Problems- “I treat/will treat the broadest spectrum of health concerns, and may include lifestyle and wellness 
issues”;

•	� (5) Somatic Dysfunction- “I treat/will treat vertebral subluxation as a somatic joint dysfunction and/or related to functional or 
musculoskeletal problems”;

•	� (6 - least evidence-based perspective) Vertebral Subluxation- “I treat/will treat vertebral subluxation as an encumbrance to 
the expression of health – vertebral subluxation is seen as an entity in and of itself, which is corrected to benefit patient well-
being.”

	 The Patient-Practitioner Orientation Scale (PPOS) is 
an 18-item, self-administered, closed-ended inventory 
relating to various topics directly pertinent to attitudes 
toward patient-centeredness and the doctor-patient rela-
tionship.22 Each item is scored by respondents using a six-
point Likert response ranging from “strongly agree” = 1 to 
“strongly disagree” = 6. The values from all the items are 
averaged to determine the Overall PPOS score.22 Higher 
Overall PPOS scores indicate more patient-centered atti-
tudes, while lower scores indicate more doctor-centered 
attitudes. Krupat et al.22 previously described respondents 
holding patient-centered attitudes when PPOS scores were 
greater than 5.0, medium when scores were between 4.57 
and 5.0, and doctor-centered when scores for 4.57 or low-

er. The validity of the PPOS has been supported by Shaw 
et al.26, who showed that healthcare practitioners whose 
encounters with patients devoted more attention to life-
style issues and rapport building and less to biomedical 
matters had more patient-centered views on the PPOS 
when compared with other practitioners whose encounters 
with patients did not demonstrate those characteristics.
	 The HC-PAIRS is a 15-item measurement tool de-
veloped to assess healthcare providers’ attitudes, beliefs, 
and understanding regarding functional expectations for 
patients with chronic low back pain (CLBP).23 The HC-
PAIRS uses a seven-point rating response (1=completely 
disagree; 7=completely agree) with higher scores indi-
cating a greater belief that CLBP justifies disability and 
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the limiting of activities.27 The internal consistency of the 
HC-PAIRS has routinely been measured at acceptable 
levels with Cronbach’s alpha ranging between 0.69-0.92 
and demonstrating acceptable test-retest reliability, con-
struct validity, and criterion validity.23,28-32

Qualitative data collection
We developed a survey that consisted of four open-end-
ed, reflective questions. The authors developed reflective 
questions based on the research questions. Specifically, 
student comprehension of maintenance care and other 
types of care was explored by asking how they would se-
lect patients for active care, maintenance care, and well-
ness care. There were no prompts or definitions of those 
different types of care were provided. Additionally, there 
was a question that explored what motivates students to 
incorporate new evidence into patient care plans as fol-
lows:

1.	� How would you select a patient for active care?
2.	� How would you select a patient for maintenance care?
3.	� How would you select a patient for wellness care?
4.	� What would motivate you to incorporate new evidence 

on how you select a patient for a care plan?

	 The open-ended questions were sent to participants via 
a text message or e-mail with a link to a REDCap data 
collection form. The reflective question responses were 
linked to the student’s initial quantitative questionnaire 
results.24,25 We did not provide participants with defin-
itions of active, maintenance, or wellness care. Thus, their 
understanding would be based on information gleaned 
from previous coursework, that learned during their clin-
ical rotations, and external sources of information such as 
the scientific literature or personal experiences with those 
forms of care.

Analysis
Descriptive statistics were reported for the demographic 
data, SoEP, PPOS, and HC-PAIRS. A Spearman’s correla-
tion was conducted to assess the strength of the relation-
ships between the three scales because of the non-para-
metric findings. Survey scores were treated as ordinal 
variables. Non-parametric difference comparisons were 
conducted using the Mann-Whitney U test to assess if the 
differences between groups on the SoEP were significant. 
A Bonferroni-adjustment was included in the calculation 

to account for the increased possibility of type -I error due 
to multiple tests.
	 Qualitative data were analyzed using an inductive ap-
proach to conventional qualitative content analysis guid-
ed primarily by the method outlined by Graneheim and 
Lundman.33,34 Responses to the open-ended questions 
were initially entered into tables for review in Microsoft 
Excel. The responses were individually reviewed line by 
line several times by multiple team members (KS, ZM, 
KAP). Two team members (KS, ZM) individually gen-
erated codes de novo for the responses. KS is a health 
professional with experience in mixed methods research, 
qualitative data analysis, and coding, while ZM is a health 
professional with a graduate degree. The team members 
met on numerous occasions to establish a coding tree 
and determine a coding agreement. A third team mem-
ber (KAP) was available to resolve differences if needed, 
while a fourth team member (PP), an experienced qualita-
tive researcher, provided oversight, advice, and guidance 
to the analysis. We identified frequently used codes and 
significant sentences. Central concepts were inductively 
grouped into emerging themes through manifest content 
analysis33 using an iterative process of going back and 
forth among the responses, significant sentences, and 
themes. Throughout the analytical process, constant com-
parisons between the categories and the original data tran-
scripts were made to ensure a good fit between the data 
and the findings. Consequently, as described by Patton35, 
there was attentive devotion toward internal homogeneity 
and external heterogeneity. To further consolidate the an-
alysis, frequent debriefing sessions among all investiga-
tors ensued throughout the process.

Data integration
To integrate quantitative and qualitative data and deter-
mine coherence between instrument scores related to 
student understanding of maintenance care and barriers 
and facilitators towards incorporating new evidence, the 
qualitative data coding results were contrasted against 
the Evidence Perspective Scale, PPOS, and HC-PAIRS 
scores. Upon finalizing the qualitative data analysis, one 
team member (KS) searched for patterns of code distribu-
tion among participants with higher and lower PPOS and 
HC-PAIRS scores, respectively, as well as among those 
distributed to the different chiropractic subgroups de-
scribed by McGregor et al.21 Where such coding patterns 
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were identified, representative quotes were extracted into 
a joint display. Other team members (ZM, KP, AE, PP) 
reviewed these findings with additional discussion to re-
solve differences when necessary.

Results 
Quantitative questionnaire
The quantitative questionnaire was completed by 74.4% 
of all students in their fifth to tenth trimester (n=419/563). 

The response rate by trimester ranged from 53.1% to 
90.3%. Table 1 displays the response rates and descrip-
tive data for participants’ characteristics and question-
naire findings by trimester. The majority of students pre-
viously received a Bachelor’s degree (84.5%, trimester 
range: 82.4%-88.5%), were male (57.5%, trimester range: 
50.4%-70.6%), and had a mean self-reported grade point 
average (GPA) of 3.15/4.0 (SD: 0.369, trimester range: 
3.06-3.26).

Table 1. 
Descriptive data for student participant demographics and quantitative and qualitative questionnaires.

Trimester 
5 (n=117)

Trimester 
6 (n=65)

Trimester 
7 (n=65)

Trimester 
8 (n=69)

Trimester 
9 (n=52)

Trimester 
10 (n=51)

TOTAL 
(n=419)

Quantitative response rate (%) 88.6% 90.3% 76.5% 53.1% 68.4% 75.0% 74.4%
Qualitative response rate (%) - - - 53.1% 76.5% - -
Gender-female, n (%) 58 

(49.6%)
27 
(41.5%)

30 (46.2%) 31 
(44.9%)

17 
(32.7%)

15 
(29.4%)

178 
(42.5%)

Bachelor’s degree received,  
n (%)

97 
(82.9%)

56 
(86.2%)

55 
(84.6%)

58 
(84.1%)

46 
(88.5%)

42 
(82.4%)

354 
(84.5%)

GPA, mean (SD) 3.26 
(0.32)

3.11 
(0.37)

3.06 
(0.33)

3.16 
(0.39)

3.06 
(0.41)

3.12 
(0.40)

3.15 
(0.37)

Evidence Perspective Scale (SoEP), n (%)
1 - Biomechanical 26 

(22.2%)
27 
(41.5%)

19 
(29.2%)

27 
(39.1%)

17 
(32.7%)

24 
(47.1%)

140 
(33.4%)

2 - �General Problem/
Biomechanical*

6 
(5.1%)

3 
(4.6%)

2 
(3.1%)

3 
(4.4%)

1 
(1.9%)

3 
(5.9%)

18 
(4.3%)

3 - �Biomechanical/ Organic 
Visceral*

2 
(1.7%)

1 
(1.5%)

1 
(1.5%)

1 
(1.5%)

1 
(1.9%)

0 6 
(1.4%)

4 - General Problems 37 
(31.6%)

17 
(26.2%)

19 
(29.2%)

13 
(18.8%)

16 
(30.8%)

8 
(15.7%)

110 
(26.3%)

5 - Somatic Dysfunction 11 
(9.4%)

10 
(15.4%)

9 
(13.9%)

8 
(11.6%)

7 
(13.5%)

4 
(7.8%)

49 
(11.7%)

6 - Vertebral Subluxation 35 
(29.9%)

7 
(10.8%)

15 
(23.1%

17 
(24.6%)

10 
(19.2%)

12 
(23.5%)

96 
(22.9%)

Patient-Practitioner Orientation Scale – PPOS (1-6; high score desired), mean (SD)
Overall PPOS 3.99 

(0.549)
3.97 
(0.621)

4.03 
(0.557)

3.88 
(0.496)

3.88 
(0.650)

3.74 
(0.586)

3.93 
(0.578)

Health Care Providers’ Pain and Impairment Relationship Scale - HC-PAIRS (1-7; low score desired), mean (SD)
Overall HC-PAIRS 4.36 

(0.785)
4.21 
(0.680)

4.30 
(0.698)

4.11 
(0.633)

3.94 
(0.687)

3.98 
(0.666)

4.19 
(0.718)

HC-PAIRS Factor 1 
(Functional Expectations)

4.22 
(0.928)

4.05 
(0.822)

4.03 
(0.886)

3.92 
(0.729)

3.82 
(0.799)

3.80 
(0.796)

4.01 
(0.850)

HC-PAIRS Factor 2 
(Social Expectations)

3.86 
(0.878)

3.76 
(0.779)

3.77 
(0.864)

3.65 
(0.788)

3.23 
(0.922)

3.69 
(0.803)

3.71 
(0.852)
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Trimester 
5 (n=117)

Trimester 
6 (n=65)

Trimester 
7 (n=65)

Trimester 
8 (n=69)

Trimester 
9 (n=52)

Trimester 
10 (n=51)

TOTAL 
(n=419)

HC-PAIRS Factor 3 
(Need for Cure)

4.29 
(1.191)

4.19 
(1.163)

4.38 
(1.070)

4.08 
(1.059)

3.62 
(1.237)

3.71 
(1.143)

4.09 
(1.171)

HC-PAIRS Factor 4 
(Projected Cognition)

5.47 
(1.007)

5.37 
(0.954)

5.63 
(0.796)

5.26 
(1.043)

5.33 
(1.119)

5.24 
(0.965)

5.40 
(0.989)

*- Combined subgroups for analysis because of small individual cell sizes.
Legend: HC-PAIRS- Health Care Providers’ Pain and Impairment Relationship Scale; PPOS- Patient-Practitioner Orientation Scale

	 As shown in Table 2, differences between the PPOS and HC-PAIRS survey by the SoEP were small and only statis-
tically significant for HC-PAIRS (p=0.03), albeit likely not clinically meaningful. No statistically significant correlations 
between any of the questionnaires were found (p>0.113), as shown in Table 3.

Table 2. 
PPOS and HC-PAIRS scores (n, median, Interquartile Range) based on SoEP.

1 –  
Biomechanical

2 and 3 – 
General 
Problem/ 

Biomechanical/ 
Organic Visceral

4 – General 
Problems

5 – Somatic 
Dysfunction

6 – Vertebral 
Subluxation

Overall PPOS 
(1-6; high score desired)

n=126 
3.89 

(3.56-4.28)

n=20 
4.03 

(3.56-4.50)

n=104 
4.00 

(3.75-4.39)

n=40 
3.89 

(3.58-4.22)

n=79 
4.11 

(3.67-4.33)
Overall HC-PAIRS** 
(1-7; low score desired)

n=119 
4.00 

(3.60-4.47)

n=23 
4.13 

(3.87-4.93)

n=96 
4.40 

(3.90-4.77)

n=40 
4.17 

(3.87-4.73)

n=92 
4.13 

(3.67-4.60)
** - Statistically significant difference
Legend: HC-PAIRS- Health Care Providers’ Pain and Impairment Relationship Scale; PPOS- Patient-Practitioner Orientation Scale

Table 3. 
Correlation between quantitative questionnaires (rho, n, p-value).

PPOS HC-PAIRS SoEP
PPOS 1.00 

n=369 
-

HC-PAIRS -0.02 
n=334 
0.732

1.00 
n=370 

-
SoEP 0.08 

n=369 
0.159

0.08 
n=370 
0.121

1.00 
n=419 

-

Qualitative questionnaire findings
The qualitative questionnaire was completed by students in their eighth and ninth trimesters; 134 of the 215 eligible stu-
dents responded (62.3%), with 69 students in their first clinical term (53.1%) and 65 in their second term (76.5%). Most 
of these respondents were males (n=71, 53.0%) with an average self-reported GPA of 3.1/4.0.
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Student understanding of chiropractic maintenance 
care (MC)
We identified two themes during the content analysis of 
student responses to the open-ended reflective questions 
regarding their understanding of how to select patients 
for MC and how they relate to higher and lower PPOS 

and HC-PAIRS scores, respectively (see Figure 2 for a 
joint display depicting representative quotes). There was 
no pattern of responses identified among different SoEP 
categories and how they select patients for MC, partially 
because some of the EBP categories were under-repre-
sented among students.

Figure 2. 
Joint display depicting themes identified from student responses to open-ended reflective questions regarding how they 

select patients to receive Maintenance Care (MC) and their relationships with PPOS and HC-PAIRS scores.

	 The first theme identified was “Secondary and tertiary 
prevention.” This theme related to students describing 
maintenance care as best suited to patients with no or min-
imal symptoms or trying to prevent the progression or re-
currence of a condition. Respondents indicated that some 
patients would benefit from maintenance care to continue 
improvement of their function and overall health, prevent 
symptom recurrence, and other patients may express a 
preference for or elect to receive maintenance care. Re-
sponses coded under this theme were frequently provided 
by students with more patient-centered attitudes (higher 

PPOS scores) and students with lower functional expect-
ations (higher HC-PAIRS scores).
	 The second theme identified was “Quantitative clas-
sifications,” and it was related to students determining 
that MC was appropriate in response to patient scores on 
quantitative outcome measures performed during patient 
assessments. Responses to how students would select pa-
tients for ‘active’, ‘maintenance’, or ‘wellness’ care were 
frequently based on patient scores from paper-based out-
come measures completed during patient intake, such as 
the Visual Analog Pain Scale (QVAS or Quadruple Visual 
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Analog Scale) and the Oswestry Disability Questionnaire. 
Responses coded under this theme were frequently pro-
vided by students with scores at both extremes of PPOS 
and HC-PAIRS scores. In selecting patients for ‘active’ 
care, respondents also articulated one or several other 
clinical elements, such as a patient’s subjective presenta-
tion, ability to complete their activities of daily living, 
presence of any functional limitations, or examination 
findings.

“Depending on how much their complaint affects 
their activities of daily living and what is scored on 
the QVAS.” - (36T8)

	 For ‘maintenance’ care, respondents stated they select-
ed patients who improved past ‘active’ care.

“These would be the patients that have a chief 
complaint that has been resolved, a condition that 
prevents full function or recovery, or have a com-
plaint where their daily activities aren’t affected 
enough by their pain to warrant an active care 
plan. Outcome assessments would play an equally 
important role in determining maintenance care, 
as in active care.” - (9QO)

	 ‘Wellness’ care patients were commonly selected using 
the same criteria as ‘maintenance’ care. Respondents 
pointed to “Wellness Care” for patients with no or min-
imal symptoms. Some students mentioned it was challen-
ging to articulate the difference between maintenance and 
wellness care.

“I consider maintenance and wellness very similar 
and would use “wellness” as a term to describe 
patients with no complaints and good function 
overall wanting to prevent issues in the future.” - 
(38T8)

Motivation for incorporating new evidence
We identified four themes during the content analysis of 
student responses to the open-ended reflective question re-
garding what motivates them to incorporate new evidence 
when they select a care plan for a patient and how they 
relate to higher and lower PPOS and HC-PAIRS scores, 

respectively (see Figure 3 for a joint display depicting 
representative quotes). Again, no pattern of responses was 
identified among different SoEP categories or motivators 
for incorporating new evidence when selecting patients 
for a care plan.
	 The first theme was “Modern, high-quality evidence,” 
which related to students’ motivation to incorporate new 
evidence into practice when selecting patients for care 
plans if that evidence was contemporary and notably if 
it demonstrated internal validity and supporting studies 
were well-conducted and readily available to them. Re-
sponses coded under this theme were frequently provided 
by students with more patient-centered attitudes (higher 
PPOS scores) and those with both extremes of HC-PAIRS 
scores.
	 The second theme was “Improved outcomes,” which 
related to students’ motivation to incorporate new evi-
dence when selecting patients for care plans if it increased 
the likelihood of improved patient outcomes. Responses 
coded under this theme were frequently provided by stu-
dents with more patient-centered attitudes (higher PPOS 
scores) and those with lower functional expectations 
(higher HC-PAIRS scores).
	 The third theme was “Categorizing patients and quan-
tifying findings,” which related to students’ motivation to 
incorporate new evidence if it allowed them to determine 
how patients responded to care and aligned with other 
outcome measures and could aid with making care deci-
sions. Responses coded under this theme were frequently 
provided by students with more doctor-centered attitudes 
(lower PPOS scores).
	 The fourth theme was “Healthcare beliefs,” which re-
lated to students’ motivation to incorporate new evidence 
if it aligned with their healthcare views, specifically their 
approach to providing chiropractic care. Responses coded 
under this theme were frequently provided by students 
with higher functional expectations (lower HC-PAIRS 
scores).

Discussion
This study explored chiropractic students’ attitudes to-
wards incorporating evidence on chiropractic mainten-
ance care. Advancements in scientific research can offer 
new knowledge and patient care techniques that can help 
clinicians offer the best possible care. Nevertheless, new 
findings are not always adopted by practicing clinicians 
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and attempts to bridge this gap present an ongoing chal-
lenge for many clinical professions. Teaching practicing 
clinicians how to incorporate new evidence could start 
while they are still students.
	 In our quantitative exploration of student attitudes, we 
did not identify any association between final-year chiro-
practic students’ attitudes toward patient-centredness, 
functional expectations for patients with chronic LBP, 
and evidence-based practice perspectives. Additionally, 
this study’s qualitative data revealed that while the con-
cept of chiropractic MC could hold multiple definitions 
for chiropractic students, they would be motivated to 

incorporate chiropractic MC evidence that was new and 
high-quality, could be used to improve patient outcomes, 
helps them categorize patients and quantify their response 
to care, and aligns with their healthcare beliefs.
	 Overall, the students had more doctor-centered atti-
tudes towards care based on the PPOS scores, had low-
er functional expectations of patients with chronic pain 
based on the HC-PAIRS scores, and espoused a wide 
range of evidence-based practice perspectives. In a sys-
tematic review of patient-centered attitudes in healthcare 
students, Bejarano and colleagues36 reported participants 
to be more doctor-centric, potentially because healthcare 

Figure 3. 
Joint display depicting themes identified from student responses to open-ended reflective questions regarding what 

motivates them to incorporate new evidence for selecting patients for care plans and their relationships with PPOS and 
HC-PAIRS scores.
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students continually learn new information and may have 
limited time to focus on other aspects of patient care. 
This can be further supported by an educational empir-
ical investigation that explored chiropractic students’ 
knowledge, attitudes, and beliefs before and after one of 
three educational interventions focused on new academ-
ic information and one on patient-centeredness; the study 
found that studying the new academic information led to 
a decrease in patient-centeredness using the same PPOS 
instrument.37

	 As interdisciplinary healthcare is no longer an innova-
tion but a way of life, understanding healthcare and public 
health terminology will ensure optimal interdisciplinary 
communication.38,39 Our study found chiropractic students 
interpret and apply MC in two ways: based on prevention 
strategies or patient-centered outcomes. The students who 
portrayed MC as a prevention strategy described care 
plans based on the public health concepts of secondary 
(preventing reoccurrence of a previous condition that a 
patient recovered from) or tertiary (management of an on-
going chronic condition or disease) prevention strategies; 
however, the public health terms of secondary or tertiary 
prevention were not explicitly mentioned, indicating 
some potential for miscommunication with terminology. 
These findings are in line with previous research among 
experienced clinicians. In a systematic review it was re-
ported that patients who had experienced previous epi-
sodes of low back pain and had improved with treatment 
were more likely to be recommended MC as a clinical 
strategy by their chiropractor.40

	 The MAINTAIN instrument was developed based on 
a clinical trial that collected data with WHYMP and pa-
tient-reported outcomes for pain and disability.9 From 
these outcomes, the MAINTAIN classification group 
found a clinically significant correlation with patient-re-
ported pain and disability.8 In our study, some students 
described deciding on an MC treatment plan using quan-
titative patient-reported outcome measures to determine 
what care plan was best for their patients. However, they 
described that differentiating between patients who were 
eligible for different prevention strategies based on these 
outcomes was difficult. As such, training on psychologic-
al profiles found within a screening tool like the MAIN-
TAIN instrument could assist with the better use of pa-
tient-reported outcome measures that optimize goal-set-
ting and improve patient outcomes.41,42

	 Over the past 30 or more years there has been increas-
ing integration of research person-centred healthcare.43 In 
congruence, this study found several different identified 
motivators for incorporating new evidence when select-
ing care plans for patients. Among students with more 
patient-centered attitudes and lower functional expecta-
tions of chronic pain patients, one desire was to improve 
patient-reported outcomes. Conversely, students who had 
higher functional expectations of chronic pain patients 
were frequently described as being more motivated to 
incorporate new evidence if it aligned with their health-
care beliefs. Students with more doctor-centered attitudes 
often mentioned a desire to categorize patients and use 
outcome measures to gauge their progress. Finally, stu-
dents with more patient-centered attitudes, as well as 
those with either higher or lower functional expectation 
of chronic pain patients, considered the quality of new 
evidence an important consideration before implementa-
tion of a new procedure.

Limitations
While this mixed method analysis gave a unique perspec-
tive into chiropractic students’ motivation to incorporate 
new evidence, implications from this study should be 
viewed considering its limitations. Foremost, this was 
a cohort of students from a single educational institu-
tion. Completion of the initial quantitative questionnaire 
items, specifically any or all the SoEP, PPOS, and HC-
PAIRS may have led to student reflection that could have 
influenced their responses to the subsequent qualitative 
questions. Additionally, while the quantitative survey had 
prior property measures conducted, the qualitative ques-
tions were not pilot tested. Within qualitative studies, pi-
lot testing has been argued to provide more confidence in 
the interview schedules and methods used for data col-
lection44, which may be relevant to these study findings 
as some responses did not reflect comprehension of the 
questions. Our study also examined the qualitative data 
from a manifest rather than a latent angle. Therefore, it 
is possible that if other forms of analysis (e.g., Phenom-
enography or Grounded theory) would have been used or 
if data were looked at using other lenses (e.g., post-posi-
tivism), other concepts and/or latent notions could have 
surfaced. Nonetheless, the research team held recurrent 
discussions regarding preconceived assumptions while 
collecting, analyzing, and interpreting the qualitative data.
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Future work
Several key findings from this study could assist health-
care educational institutions in considering strategies to 
motivate the use of these concepts by their students. Our 
study findings indicate that additional work is needed to 
determine the need for and content of tailored implemen-
tation strategies that will encourage students to incorpor-
ate new evidence into their future clinical interactions 
with patients. Our findings did not suggest one explicit 
implementation strategy, it is possible that multimodal 
implementation strategies may be more suitable. Imple-
mentation research in healthcare training settings is less 
advanced than in healthcare provision sectors.45 Lessons 
learned in the healthcare provision sector could assist with 
implementation strategies in educational settings, such as 
tailored plans that are iteratively adapted as educational 
interventions are implemented. An example of a tailored 
program for educational settings is the School Implemen-
tation Strategies, Translating ERIC Resources (SISTER) 
project.46 SISTER had educational experts adapt the Ex-
pert Recommendations for Implementing Change (ERIC) 
project to assist with implementation research specifically 
in school settings.

Conclusions
This study did not identify significant associations be-
tween chiropractic students’ attitudes toward patient-cen-
teredness, functional expectations of LBP, or their evi-
dence-based practice perspectives. The concept of main-
tenance care was found to be unclear to participants and 
in need of an operational definition used throughout train-
ing programs. The exploration of chiropractic students’ 
attitudes identified a desire to incorporate new evidence 
on chiropractic maintenance care if the evidence was high 
quality, aligned with their healthcare beliefs, or could af-
fect patient management or outcomes. Emerging evidence 
for MC, including that on the development and use of the 
MAINTAIN tool, could prove useful in this regard as it 
meets several of these needs.
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Methods section

(2) �Describe the design in terms of the purpose, priority and 
sequence of methods

Methods section

(3) �Describe each method in terms of sampling, data collection 
and analysis

Methods section
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and who has participated in it

Methods section, Integration subsection

(5) �Describe any limitation of one method associated with the 
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Discussion section, Limitations subsection
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Discussion section
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Background: Clinicians make clinical decisions 
using the dual process theory. The dual process 
theory comprises two approaches, System 1, based 
on heuristics, and System 2, involving an analytical 
and effortful thought process. However, there are 
inherent limitations to the dual process theory, such as 
relying on inaccurate memory or misinterpreting cues 
leading to inappropriate clinical management. As a 
result, clinicians may utilize mental shortcuts, termed 
heuristics, and be susceptible to clinical errors and 
biases that may lead to flawed decision making and 
diagnosis. 
	 Methods: This case series describes four clinical 
cases whereby the clinicians use distinct strategies to 
assess and manage complex clinical presentations. 

Explorer des stratégies pour améliorer la prise de décision 
clinique dans un bureau chiropratique: une série de cas 
Contexte: Les cliniciens prennent des décisions cliniques 
en utilisant la théorie du double processus. La théorie 
du double processus comprend deux approches, le 
premier système qui est basé sur l’heuristique, et le 
deuxième système qui implique un processus de réflexion 
analytique et exigeant. Cependant, il existe des limites 
inhérentes à la théorie du double processus, telles 
que le fait de s’appuyer sur une mémoire inexacte ou 
une mauvaise interprétation des indices conduisant 
à une gestion clinique inappropriée. Par conséquent, 
les médecins peuvent utiliser des raccourcis mentaux, 
appelés heuristiques, et être susceptibles de tenir compte 
d’erreurs et de biais cliniques qui peuvent conduire à 
une mauvaise décision et à un mauvais diagnostic. 
	 Méthodes: Cette série de cas décrit quatre cas 
cliniques où les cliniciens utilisent des stratégies 
distinctes pour évaluer et gérer des présentations 
cliniques complexes. 
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Introduction
In making clinical decisions, clinicians typically gather 
patient information, generate hypotheses about their diag-
nosis, test their hypotheses, and then reflect on their clinic-
al encounter.1,2 Broadly, clinicians diagnose patients using 
the dual process theory that is comprised of two systems, 
System 1 and System 2. A System 1 approach is char-
acterized by clinicians using a more automatic response 
that relies on heuristics and develops with greater clinic-
al experience and repetition.1,3 Due to time constraints in 
practice, clinicians often prefer a System 1 approach. In 
contrast, System 2 takes on a more analytical approach, 
where the clinician uses slower and more effortful thought 
processes; one often used by those with limited clinical 
experience or knowledge of a condition.1,3,4

	 However, the dual process theory has inherent lim-
itations. System 1 is built on heuristics, and relies on a 
clinician’s memory to recognize cues and patterns during 
the clinical encounter.2 Unfortunately, improper decision 
making can occur when the clinician relies on inaccurate 
memory or misinterprets cues.2 In contrast, System 2 is 
a more methodical approach using decision pathways or 
algorithms (e.g., decision trees) in the course of the en-
counter, that is assumed to improve diagnostic reasoning. 
Still, clinicians may generate hypotheses based on faulty 
decision trees, resulting in inaccurate clinical decisions 
being made.2,4 Therefore, despite the clinician’s best ef-
fort to provide high quality clinical care, the utilization 
of inaccurate knowledge and data gathered using either 
system could lead to inappropriate clinical management.2

	 Specifically, when utilizing a System 1 approach, 
the risk of working on ‘autopilot’ and relying on men-
tal shortcuts, termed heuristics, may occur. Heuristics 
are often linked to clinician errors and biases.1 Three 
basic types of errors include skill-based errors, know-
ledge-based errors, and rule-based errors.1 Skill-based 
errors occur when clinicians follow an habitual course 
of action, knowledge-based errors occur when clinicians 
lack necessary information, whereas rule-based errors 
occur when a clinician misapplies a clinical rule.1 Despite 
differences, these errors are interconnected and can result 
from cognitive biases. An example of a cognitive bias is 
‘order effect’, which occurs when the clinician pays more 
attention to information presented at the beginning and 
end of a patient’s story but the middle portion is lost.1,3 
Other biases include the ‘availability heuristic’ that judg-
es a patient’s presentation based on the likelihood of the 
condition coming to the clinician’s mind, ‘anchoring bias’ 
that results from the clinician fixating on certain features 
too early in the patient interaction resulting in difficulty 
changing the course of their clinical reasoning, and final-
ly, ‘confirmation bias’, when one is looking for evidence 
to support their clinical thoughts, thereby potentially fail-
ing to identify co-pathology.1,3 Unless these unconscious 
cognitive biases are brought to the forefront, clinicians 
may continue to utilize flawed decision making process-
es, resulting in inappropriate patient care.5

	 Furthermore, as a result of errors and biases, a delay 
in diagnosis or misdiagnosis/diagnostic error may occur. 
Caputo et al. identified characteristics in primary health 

	 Discussion: Through the use of self-reflection and 
acknowledging diagnostic uncertainty, the clinicians 
were able to reduce common cognitive biases and 
provide effective and timely patient care. We discuss 
strategies that clinicians can implement in their daily 
practice to improve clinical decision-making processes 
and deliver quality care. 
 
 
(JCCA. 2024;68(2):113-121) 
 
K E Y  W O R D S : diagnosis, chiropractic, heuristics, 
clinical decision making, metacognition, bias

	 Discussion: Grâce à l’autoréflexion et à la 
reconnaissance de l’incertitude diagnostique, les 
cliniciens ont pu réduire les biais cognitifs courants et 
fournir des soins efficaces et opportuns aux patients. 
Nous discutons des stratégies que les cliniciens peuvent 
mettre en œuvre dans leur pratique quotidienne pour 
améliorer les processus de prise de décision clinique et 
fournir des soins de qualité. 
 
(JCCA. 2024; 68(2) : 113-121) 
 
M O T S  C L É S  : diagnostic, chiropratique, heuristique, 
prise de décision clinique, métacognition, biais
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care contact providers that could lead to a delay in diag-
nosis of neurological conditions.6 They identified that a 
delay in diagnosis may occur with clinicians who are less 
experienced with the pathology of conditions they see 
infrequently.6 Thus, because a clinician may be unaware 
of particular condition(s), they may not consider them in 
their differential diagnoses. For example, chiropractors 
are considered experts in musculoskeletal health, and if 
clinical encounters are only viewed through this lens, 
they run the risk of falling into the trap of “what you see 
is all there is”, becoming potentially vulnerable to faulty 
decision making and inappropriate clinical care.7 To help 
mitigate against this, it is important to implement dis-
tinct strategies such as self-reflection during and after the 
clinical encounter in an effort to reduce the susceptibil-
ity to various heuristics and cognitive biases. Therefore, 
the objective of this case series is to outline a number of 
cases where chiropractors implemented distinct strategies 
in order to reduce common cognitive biases and improve 
patient management as a result.

Ethics
Ethics approval was received from the Research Ethics 
Board at the Canadian Memorial Chiropractic College 
(#2202X01). Patient consent was obtained as available.

Case presentations 
Case 1
The first case involves a 55-year-old female who fell while 
walking down a ramp, fracturing her left ankle in May 
2018. She presented to an urgent care centre the follow-
ing day due to severe ankle pain, swelling and inability 
to weight bear. An x-ray was taken which demonstrated 
an undisplaced fracture through the fifth metatarsal base, 
with extension to the adjacent intra-articular space. Pri-
or to the incident, the patient was relatively healthy and 
exercised five days per week for 30 minutes each day. She 
was not taking any medications. Her past medical history 
was unremarkable other than being diagnosed with osteo-
penia earlier that year.
	 Following her assessment at urgent care, she was 
placed in a walking boot and was re-evaluated two weeks 
later. Upon re-evaluation, a new x-ray demonstrated 
widening of the fracture site and she was subsequently 
placed in a hard cast for four weeks. At her four-week 
follow-up the patient still complained of sharp pain, but 

repeat x-rays demonstrated a less visible fracture line 
at the base of the fifth metatarsal, suggestive of interval 
healing. She was subsequently placed in a walking boot 
and told to limit her weight bearing. She was re-evaluated 
four weeks later, but continued to experience sharp pain at 
the fracture site with significant swelling of her foot and 
limited ability to weight bear. Upon examination by the 
attending physician, the patient was diagnosed with Com-
plex Regional Pain Syndrome (CRPS). The diagnosis was 
made based on the patient being immobilized in a walking 
boot and hard cast for a prolonged period, significant pain 
and swelling still present at the fracture site, and some red 
discolouration noted when observing the area.
	 After being diagnosed with CRPS, the patient was as-
sessed by a chiropractor. The examination demonstrated 
swelling of the left foot with severe pain upon palpation 
at the base of the fourth and fifth metatarsal bases and 
calcaneal tuberosity, in addition to decreased calcaneal 
fat pad thickness. There was no left foot somatosensory 
hyperesthesia, limb sweating, abnormal hair growth, 
dystonia, or dystrophy. In addition, there was no dorsal 
left foot temperature asymmetry when measured with a 
surface temperature thermometer. There was mild de-
creased ankle range of motion and pain-related weakness 
during active and resisted ankle eversion. Further exam-
ination did not reveal any nerve tension signs. Following 
the examination, the chiropractor suspected that the pa-
tient was not suffering from CRPS. In consultation with 
a physiatrist, the patient was referred for a three-phase 
bone scan which showed mild activity in the lateral as-
pect of the left midfoot/forefoot suggesting healing frac-
tures involving the fourth and fifth metatarsal heads. In 
addition, the patient had an MRI which showed a healing 
nondisplaced fracture at the base of the fifth metatarsal 
with associated subcutaneous edema and flexor hallucis 
tenosynovitis with associated muscle edema. Follow-
ing the chiropractor’s examination and imaging results, 
the patient was diagnosed with healing fractures of the 
fourth and fifth metatarsal bases and plantar calcaneal fat 
pad atrophy. Over the course of the next two months, the 
patient was provided with appropriate care, consisting 
of manual therapy to improve ankle range of motion, 
graded exposure and ankle/foot exercises to improve 
weightbearing tolerance and healing. Manual therapy in-
cluded soft tissue therapy (i.e. muscle release technique) 
to the surrounding ankle musculature and mobilization 
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of the left ankle mortise and fibular head to increase 
ankle range of motion. The patient was provided with 
exercises to increase ankle range of motion, as well as 
improve strength of her lower limb musculature and in-
trinsic foot muscles. In addition, as a result of significant 
pain when weight bearing, the patient was provided with 
graded exposure exercises. The patient was instructed to 
fold a blanket enough times to create adequate padding 
in order to walk 10 steps barefoot within her tolerance for 
pain. Once she was able to complete this she was advised 
to reduce the thickness of the blanket while walking 10 
steps. Over time, she was able to walk barefoot on the 
floor. Following her treatment, the patient returned to 
her pre-injury physical activity levels including walking, 
biking and resistance training with no re-occurrence of 
symptoms.
	 This case demonstrates the potential limitation of the 
dual process theory. The patient’s physician diagnosed 
her with CRPS without careful consideration of the CRPS 
diagnostic criteria. As a result, the clinician experienced 
various biases such as ‘availability heuristics’, ‘confirma-
tion bias’ or ‘base-rate neglect’.8 The clinician assumedly 

used a System 1 approach based on the clinical presenta-
tion and risk factors for the development of CRPS. For 
instance, limb immobilization, female, and middle-aged 
adults are all risk factors for the development of CRPS.9-12 
However, when the patient was assessed by the chiroprac-
tor, the chiropractor presumably used a System 2 approach, 
requiring a careful assessment of her signs and symptoms 
to arrive at the appropriate diagnosis. The chiropractor 
compared the patient’s symptoms to the Budapest criteria 
(Table 1), which is the current best practice for the diag-
nosis of CRPS.13 Although the patient had some features 
of CRPS, her main presenting signs and symptoms did 
not fit all four criteria required for a diagnosis of CRPS. 
Specifically, the patient only exhibited swelling and dis-
coloration which is a vasomotor sign/symptom, but did 
not experience any sensory, sudomotor or motor signs/
symptoms. Additionally, the patient did not satisfy cri-
terion 4 of the Budapest criteria as the diagnosis made 
by the chiropractor better accounted for their symptoms. 
This case highlights the importance of conducting a com-
plete assessment, as well as not prematurely jumping to 
conclusions.

Table 1. 
Budapest clinical criteria for diagnosing Complex Regional Pain Syndrome.12

1.	� Continuing pain that is disproportionate to any inciting event

2.	� Must report at least one symptom in three of the four categories:
	 a)	 �Sensory: hyperesthesia and/or allodynia
	 b)	 �Vasomotor: temperature asymmetry and/or skin color changes and/or skin color asymmetry
	 c)	 �Sudomotor/edema: reports of edema or sweating changes and/or sweating asymmetry
	 d)	 �Motor/trophic: decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia) and/or trophic 

changes (hair, nail, skin)

3.	� Must display at least one sign in two or more of the following categories:
	 a)	 �Sensory: hyperalgesia to pinprick, allodynia to light touch and/or deep somatic pressure and/or joint movement
	 b)	 �Vasomotor: evidence of temperature asymmetry and/or skin color changes and/or asymmetry
	 c)	 �Sudomotor/edema: evidence of edema and/or sweating changes and/or sweating asymmetry
	 d)	 �Motor/trophic: evidence of decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia) 

and/or trophic changes (hair, nail, skin)

4.	� No other diagnosis that better explains the signs and symptoms
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Case 2
The second case is a 56-year-old male who was previ-
ously seen by a chiropractor for chronic back pain, which 
responded well to conservative care and self-management 
strategies including a regular exercise routine. In the win-
ter of 2019, he visited his chiropractor after experiencing 
sharp pains in his left hip and a deep ache in his right 
shoulder. He attributed his left hip pain due to cold weath-
er, as well as traveling by plane for a work trip. Follow-
ing the examination, the chiropractor suggested that the 
pains were of a musculoskeletal origin, namely that the 
patient was experiencing symptoms related to a strain to 
the left hip with underlying osteoarthritic changes, as well 
as a strain to the right shoulder likely related to work pos-
tures and his recent travel. The patient began receiving 
conservative care to his lumbar spine, left hip and shoul-
der inclusive of spinal manipulation to the lumbar spine, 
mobilizations to the left hip and shoulder, and soft tissue 
therapy to the surrounding musculature. The patient was 
provided a home-based exercise program to improve their 
ranges of motion and to strengthen the core and pelvic 
musculature. The patient reported good relief of his low-
er back pains, but only short-term relief of his hip pain, 
which was described as a persistent low-grade ache, deep 
into the joint. His right shoulder pain did not improve 
significantly following conservative therapy described 
above. Upon revaluation, the chiropractor reflected on the 
presentation and lack of improvement. The chiropractor 
suspected the patient’s pains were related to the presence 
of an underlying systemic disease. As a result, the chiro-
practor referred the patient to the family doctor suggesting 
further diagnostic investigations to be performed.
	 The patient received diagnostic tests including radio-
graphs, ultrasound and blood tests. Radiographs of his 
hips revealed early degenerative joint disease in both hips, 
radiographs of his lumbar spine revealed moderate multi-
level degenerative changes with normal sacroiliac joints, 
and those of his shoulder demonstrated degenerative joint 
disease of his acromioclavicular joint with no soft tissue 
calcifications. An ultrasound of his shoulder showed mild 
bilateral supraspinatus tendinosis with acromioclavicular 
joint degenerative joint disease and no rotator cuff tears. 
Serology testing was negative for Antinuclear Antibody 
(ANA), Rheumatoid Factor (RF) was <10 U/ml and his 
Erythrocyte Sedimentation Rate (ESR) was elevated 
at 34 mm/hr. He was subsequently diagnosed with an 

inflammatory arthritide, was prescribed methotrexate by 
his rheumatologist and reported improved treatment out-
comes.
	 This case highlights a common challenge in clin-
ical practice, where there is diagnostic uncertainty in a 
patient’s presentation. In this case, the chiropractor had 
previously treated this patient’s low back pain success-
fully; however, when the patient developed new areas of 
pain that were not responding to care, the chiropractor 
took a step back to re-assess the patient. After reflecting 
on the clinical presentation and expected recovery of the 
working diagnoses, the chiropractor initiated a diagnostic 
pathway of investigations for the possibility of a systemic 
condition, specifically inflammatory arthritis. Although 
the chiropractor did not specifically identify the patient’s 
underlying clinical condition, they methodically assessed 
the patient using a System 2 approach thereby determin-
ing the need for further testing. Inflammatory arthritis 
typically has a long diagnostic delay but the clinician’s 
approach ensured the patient received appropriate and 
timely assessment and management.14

Case 3
The third case is a 65-year-old male who presented to their 
family doctor with acute low back pain rated 9/10 which 
he developed after painting his staircase at home. Upon 
examination, their family doctor diagnosed the condition 
as a muscle strain and prescribed Tramadol. Three weeks 
after the onset of pain the patient was not improving, and 
elected to see a chiropractor for an assessment. The pa-
tient reported that since the onset, the pain was manage-
able when using the medication but there was no signifi-
cant improvement in the patient’s pain levels overall. He 
described that transitioning from sitting to standing was 
especially difficult and medication was required to con-
trol his pain at night. In addition, the patient mentioned 
he was in relatively good health with no comorbidities. 
Lumbar spine radiographs ordered by his family doctor 
showed mild lower lumbar degenerative disc disease and 
facet arthrosis. Upon examination by the chiropractor 
lumbar spine range of motion was relatively normal, there 
were no nerve root tension signs nor neurological deficits 
noted. There was mild paraspinal muscle tenderness and 
segmental dysfunction noted at the lumbosacral junction.
	 Several aspects of the patient’s clinical presentation 
suggested both mechanical and non-mechanical sources 
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of their pain. For instance, the mechanism of injury, 
paraspinal muscle tenderness and segmental dysfunction 
at the lumbosacral junction could explain the mechanical 
source of pain. However, a non-mechanical source of pain 
should be considered given the patient’s age, 65 years old, 
this being their first episode of acute low back pain, severe 
nocturnal pain, absence of any sustained improvement 
over a three-week period, and the inability to completely 
reproduce their pain. As a result of these findings, the pa-
tient was referred to a nearby hospital emergency depart-
ment for further investigation. At the emergency depart-
ment, a CT scan of the lumbar spine suggested probable 
prostate cancer metastasis of the L5 vertebral body. The 
patient was transferred to oncology for immediate urgent 
care.
	 This case presented many challenges to the chiropractor 
who could have easily misdiagnosed the patient if they had 
not conducted their own examination and carefully evalu-
ated the facts, rather than relying upon the diagnosis of 
another healthcare provider. For example, the chiroprac-
tor could have been susceptible to “anchoring bias” based 
on the mechanism of injury, a report of a normal lumbar 
spine x-ray and previous advice by other health care pro-
viders. A quick System 1 approach may have resulted in 
treating this patient conservatively for a period of time 
which would have resulted in delaying urgent medical 
care. However, after conducting a comprehensive exam-
ination, the chiropractor used clinical judgment to suspect 
a non-mechanical source of pain, as well as recognizing 
that musculoskeletal related symptoms and examination 
findings can co-exist with pathology, thereby ensuring this 
patient received appropriate care in a timely manner.

Case 4
The fourth case is a 62-year-old retired man who pre-
sented with right buttock pain and an associated pulling 
sensation around the right lateral ankle. The patient re-
ported that this pain gradually began two months prior 
which he attributed to a period of increased physical ac-
tivity consisting of playing ice hockey and tennis. There 
was no preceding trauma that occurred. His average pain 
intensity was 6/10 but would increase to 8/10 at its worst. 
His pain significantly limited his daily activities, and he 
was unable to return to sports. The Keele STarT Back 
screening tool suggested a moderate to severe risk for 
chronicity, with significant pain catastrophizing.

	 When the patient developed this pain, he saw his 
family doctor who suspected his symptoms were caused 
by a lumbar disc herniation and ordered a lumbar spine 
MRI. The MRI showed severe degenerative disc disease 
at the L1-2 and L2-3 levels with Modic type 1 change, 
and central stenosis noted at the L2-3 level with facet de-
generative joint disease at multiples levels. In addition, 
there was a suspected entrapment of both the L2 and L3 
nerve roots, bilaterally. Following the MRI results, the 
patient was referred to physiotherapy where he was pre-
scribed McKenzie lumbar extension exercises, which did 
not provide any significant relief. In addition, he had four 
sessions of chiropractic care using lumbar flexion-distrac-
tion mobilization but once again did not experience sig-
nificant relief.
	 As a consequence of feeling no significant relief, the 
patient consulted another chiropractor. On examination, 
the chiropractor reported that the patient’s lumbar range 
of motion was limited by 25% in lumbar extension and 
right lateral bending, straight leg raise was 90 degrees 
bilaterally without any nerve root tension signs and fem-
oral nerve stretch was negative bilaterally. In addition, 
sacroiliac joint testing was negative. Palpation over the 
greater trochanter and gluteus medius muscle was painful 
and reproduced the chief complaint. The patient’s chief 
complaint was diagnosed as gluteus medius tendinosis 
that slowly responded to soft tissue therapy (i.e. muscle 
release technique) combined with a graded exercise pro-
gram. In addition, the patient required considerable re-
assurance due to his pain catastrophizing behaviour and 
kinesiophobia. Specifically, the chiropractor had to con-
sistently reassure the patient of the course of recovery and 
aetiology of their symptoms.
	 This case highlights a common scenario encountered 
in clinical practice whereby a patient has positive imaging 
findings that do not correlate with the clinical presenta-
tion.15 The imaging findings for this patient suggested 
a high lumbar spinal nerve irritation contributing to the 
patient’s symptoms; however, the clinical examination 
did not corroborate the suggested nerve root entrapment 
as causing this patient’s pain nor symptoms. The second 
chiropractor could have been susceptible to cognitive 
biases, such as “availability heuristic”, “confirmation 
bias” or “search satisfying” based on previous assess-
ments conducted by the other providers, as well as the 
imaging findings.8 However, they instead relied on the 
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use of a methodical assessment approach and was able to 
correctly diagnose this patient, providing appropriate care 
targeted at the correct structures.

Discussion
The case scenarios presented herein illustrate that the clin-
icians used distinct strategies to assess and manage com-
plex clinical situations. Each case highlights that clinical 
decision making involves the application of various infor-
mation sources to develop a logical and purposeful clinic-
al plan of management.16 In the context of evidence-based 
practice, these information sources can consist of clinical 
experience and research evidence. Research suggests that 
clinicians with more experience can develop management 
plans with greater certainty due to their ability to recog-
nize diagnostic patterns.16,17 However, diagnostic uncer-
tainty is inherent in all clinical decisions irrespective of 
clinician experience.
	 Although there is no widespread accepted definition of 
diagnostic uncertainty, a proposed definition is the “sub-
jective perception of an inability to provide an accurate 
explanation of the patient’s health problem”.18 In clinical 
practice, strategies can be utilized to further understand, 
manage and cope with diagnostic uncertainty. For ex-
ample, Santhosh et al. suggests contrasting the related 
knowledge about diagnostic accuracy and certainty when 
arriving at a diagnosis (See Table 2).19 By comparing and 
contrasting what is known, clinicians can determine if 
their diagnosis is a “slam dunk”, “cautiously optimistic”, 
“diagnostic hubris”, or a “diagnostic mystery”.19 This 2x2 
table could help clinicians identify and subsequently re-
duce their knowledge gaps. As well, this approach can 
improve communication with patients by acknowledging 
uncertainty that is present, responding to patient’s con-
cerns, and clearly conveying next steps.19 For instance, 
the chiropractor in case number 3 would have fit into the 
category of ‘accurate and uncertain’ as he had a suspicion 
of a non-MSK diagnosis but was uncertain as to the exact 
diagnosis. This line of thinking facilitated patient referral 
with eventual receipt of appropriate and timely medical 
care. Using this proposed model allows the clinician to 
reflect on the case and presenting features, considering 
their level of uncertainty. The clinician can formulate an 
evolving hypothesis rather than a static one, allowing for 
the opportunity to change their clinical management as 
new information comes to light.

Table 2. 
Adapted from the proposed model by Santhosh et 

al.19 comparing diagnostic uncertainty to diagnostic 
accuracy. 

Certain Uncertain
Accurate “Slam dunk” “Cautiously optimistic”
Inaccurate “Diagnostic hubris” “Diagnostic mystery”

	 It is important that clinicians self-reflect on clinical en-
counters to identify what has gone well and what could be 
improved in order to analyze and alter clinical decision 
making processes.20, 21 Reflection can take place at many 
stages such as during the patient encounter, which helps 
inform hypothesis generation; after a patient interaction, 
which helps clinicians learn and improve their clinical 
decision making moving forward; and on professional 
experience, which assists in understanding their way of 
thinking about clinical decision making.21 This process 
of reflection is critical in order for a clinician to self-as-
sess, learn from past experiences and further their clinical 
expertise. Literature suggests that similar to experienced 
clinicians, novice clinicians also reflect on their clinic-
al encounters following an interaction, albeit to a lesser 
degree.21 Unlike the novice clinicians, experienced clin-
icians engage in greater reflection and on-going self-as-
sessment during the encounter.21 Developing reflection 
skills during and after a clinical encounter is important to 
positively impact patient outcomes, as well as self-assess-
ment and professional growth.21

	 In addition, the act of reflection is important in re-
ducing heuristics and cognitive errors. Graber et al. iden-
tified that cognitive errors contributed to 74% of cases 
assessed involving diagnostic error.22 For instance, when 
placed in familiar environments and seeing a similar pa-
tient presentation multiple times during a day in clinical 
practice, clinicians may be prone to being overconfident. 
This overconfidence could lead to inappropriate patient 
care as clinicians may prematurely come to a diagnosis, 
termed ‘premature closure bias’, or be susceptible to other 
biases such as ‘anchoring bias’ and ‘confirmation bias’.23 
However, reflective practice strategies can assist in re-
ducing susceptibility to these biases.24 For example, using 
a checklist during a patient encounter (either mentally or 
on paper) can provide clinicians with a diagnostic “time 
out”, allowing one to consider other possibilities and re-
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duce the chance of applying these various biases.24 This 
would also allow clinicians to actively reflect on each 
case rather than work on autopilot. Furthermore, reflec-
tion will assist clinicians in analyzing patient symptoms 
in their entirety while reducing the chance of overlooking 
important clinical details in order to determine an appro-
priate diagnosis and plan of management.
	 Reflective practice can be challenging to teach to stu-
dents and novice clinicians. As a result, students and nov-
ice clinicians typically encounter greater challenges when 
faced with diagnostic uncertainty and are unsure how to 
proceed. Therefore, it is important that educators and ex-
perienced clinicians discuss its inherent nature in clinical 
practice.18,25 Students and new graduates should be pro-
vided with strategies to cope with diagnostic uncertainty. 
For example, within a teaching environment educators 
can walk through cases with trainees, thinking aloud their 
cognitive and clinical reasoning.21 This would provide 
trainees with a unique look at how an experienced clin-
ician critically thinks about clinical decision making.7, 23 
These exercises can assist trainees by brainstorming as a 
group what next steps would be suitable in order to under-
stand how to approach patients when there is no clear 
diagnosis. Ensuring new learners understand and consider 
diagnostic uncertainty as a normal part of clinical practice 
can help reduce negative internal feelings such as anxiety, 
feeling overwhelmed and self-doubt.26

Summary
This case series described four cases that required the 
treating chiropractor to apply specific strategies in order 
to reduce common cognitive biases and avoid inappropri-
ate care. In applying these strategies, the chiropractor in 
each case was able to provide effective and timely patient 
care. Cognitive biases and diagnostic uncertainty are an 
inherent part of patient management that could be effect-
ively addressed by using tools such as reflection and sys-
tematic diagnostic approaches. For learners, novice and 
experienced clinicians, accepting the significance of and 
implementing strategies to cope with diagnostic uncer-
tainty is important for continuous professional develop-
ment and optimizing patient outcomes. Future research 
should focus on assessing if the implementation of strat-
egies discussed herein can result in improved patient care 
and outcomes.
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Objective: Technique description and verification of L5 
pars interarticularis (L5PI) using diagnostic ultrasound 
(DUS). 
	 Methods: Asymptomatic 10-year-old male subject was 
scanned with diagnostic ultrasound applying a linear 
array transducer (8-13 MHz) over L5/S1 facets; long-
axis slide cephalad to capture both superior (SAP) and 
inferior articulating process (IAP) of L5. Contiguous 
hyperechoic cortex with deep acoustic shadowing 
between the SAP and IAP was assumed to be L5PI. To 
confirm in vivo technique representing L5PI, two spine 
models (plastic, human spine) were scanned to verify 
authors’ assumption. Metallic paperclip was placed 
over L5PI then DUS image captured. Lastly, a subject 
with known spondylolysis was imaged and sonographic 
appearance of L5PI compared. 

L’évaluation échographique de la spondylolyse: une 
description de la technique et une étude de faisabilité 
de l’échographie diagnostique pour la détection des 
fractures de l’isthme interarticulaire de la L5 
	 Objectifs: La description de la technique et la 
vérification de l’isthme interarticulaire de la L5 (IIL5) à 
l’aide d’ultrasons diagnostiques (USD). 
	 Méthodes: Un sujet masculin asymptomatique âgé 
de 10 ans a été scanné à l’aide d’une échographie 
diagnostique utilisant un transducteur linéaire (8-13 
MHz) sur les facettes de la L5/S1; un glissement en 
direction céphalique sur grand axe pour capturer le 
processus d’articulation supérieur (PAS) et inférieur 
(PAI) de la L5. Le cortex hyperéchogène contigu avec 
ombrage acoustique profond entre le PAS et le PAI a été 
supposé être de l’IIL5. Afin de confirmer la technique 
in vivo représentant l’indice de l’IIL5, deux modèles 
de colonne vertébrale (plastique, colonne vertébrale 
humaine) ont été scannés pour vérifier l’hypothèse 
des auteurs. Un trombone métallique a été placé sur 
l’IIL5 puis une image d’USD a été prise. Enfin, un sujet 
présentant une spondylolyse connue a été imagé et 
l’aspect échographique de l’IIL5 a été comparé. 
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	 Results: The structures localized with the metal 
paperclip on L5PI models were equivalent to the in vivo 
DUS image. Spondylolysis demonstrates an abrupt step-
off defect at L5PI. 
	 Conclusion: We report the first technique description 
and verification of the L5PI using DUS. 
 
(JCCA. 2024;68(2):122-130) 
 
 
K E Y  W O R D S : ultrasound, pars interarticularis, 
sonography, pars defect, spondylo, spondylolytic 
spondylolisthesis, stress reaction, stress fracture, 
anatomy, feasibility, exploratory, pilot study, chiropractic

	 Résultats: Les structures localisées avec le trombone 
métallique sur les modèles de l’IIL5 étaient équivalentes 
à l’image d’USD in vivo. La spondylolyse montre un 
défaut abrupt de décrochage à l’IIL5. 
	 Conclusion: Nous rapportons la première description 
technique et la vérification de l’IIL5 à l’aide d’USD. 
 
(JCCA. 2024; 68(2) : 122-130) 
 
M O T S  C L É S  : échographie, isthme interarticulaire, 
échographie, défaut de l’isthme, spondylo, 
spondylolisthésis spondylolytique, réaction de stress, 
fracture de stress, anatomie, faisabilité, exploratoire, 
étude pilote, chiropratique

Introduction
There is an ever-increasing utilization of musculoskeletal 
diagnostic ultrasound imaging (DUS) in healthcare; trends 
within the chiropractic profession are no different.1,2 In-
creased application has led to the adoption and integration 
of the technology into some of the chiropractic institutions 
with 65% of these institutions reporting DUS training 
should be provided to students and 75% of institutions 
reporting that chiropractic programs should be providing 
accredited postgraduate DUS courses.3 Except for peri-
natal imaging and interventional anatomical localization 
for facet injections, the majority of musculoskeletal DUS 
has been focused on extremity application for both clinic-
al practice and research application. Although the primary 
focus of chiropractic is spinal care, there has been limited 
application to spinal evaluation with DUS in the chiroprac-
tic field. The most common reason for individuals seeking 
chiropractic care is low-back pain.4 In adolescent athletic 
patients with low back pain, 47% have been found to have 
spondylolysis.5 Although the general population only has 
an estimated 6.4% prevalence of spondylolysis according 
to Aoki et al,6 due to the higher prevalence of spondyloly-
sis in the adolescent athletic population, the authors of this 
article had interest in the ability of DUS to identify the 
pars interarticularis and defects via DUS, because its rela-
tively low-cost and lack of ionizing radiation exposure.
	 To the authors’ best knowledge, evaluation meth-
ods with DUS of the pars interarticularis have not been 
published nor have any publications around the DUS 
assessment of pathologic alterations of this structure. 

Non-operative spinal/paraspinal ultrasound is investiga-
tional according to the American Institute of Ultrasound 
in Medicine (AIUM), stating “there is insufficient evi-
dence in the peer-reviewed medical literature establishing 
the value of nonoperative spinal/paraspinal ultrasound in 
adults for diagnostic evaluations of conditions involving 
the intervertebral disks, facet joints and capsules, and cen-
tral nerves.” Therefore, the AIUM states that, at this time, 
the use of ultrasound in diagnostic evaluations, screening, 
or monitoring of therapy for these conditions has no prov-
en clinical utility and should be considered investigation-
al.7 Moreover, the single case study detecting spondylo-
listhesis using ultrasound focused on the malalignment of 
facet joints from level-to-level without observation of the 
pars interarticularis.8

Methods
Diagnostic ultrasound (GE LOGIQ e; Milwaukee, WI), 
using 8-13 MHz linear array transducer was used to ob-
tain images of the pars interarticularis of the fifth lumbar 
vertebra (L5). For scanning the pars interarticularis at L5, 
an asymptomatic 10-year-old male was used as a subject 
for experimental identification of the pars interarticular-
is due to typical age of onset of spondylolysis and the 
subject’s tissue thickness lending itself to increased im-
age resolution for an initial anatomical comparison to the 
models.
	 Each subject and spine model were scanned in the 
prone position with the L5/S1 motion segment examined. 
Each subject or parent/guardian signed informed con-
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sent and permitted the authors to use images and clinical 
information. The transducer was placed over the neural 
arch of the posterior spinal column. In the sagittal plane, 
the most lateral structure is the hyperechoic transverse 
process. Through a short-axis glide towards the midline, 
facet joints were visualized with the characteristic “camel 
hump” pattern.9 The lumbosacral junction was located 
by sliding the transducer caudally, where a downward 
curved, hyperechoic sacrum appeared. As the sacrum 
was located, the transducer was then maneuvered slightly 
cephalad to capture both the superior and inferior articu-

lating process of L5, matching the normal slight angula-
tion of the neural arch as displayed within VH Dissector 
image (Figure 1). A slight side-to-side short axis glide of 
the probe was utilized until a contiguous cortex bridge 
producing a deep acoustic shadow between the superi-
or and inferior articulating process of L5 was achieved 
(Figure 2). The contiguous hyperechoic region with deep 
acoustic shadowing corresponded to the cortical region 
between the superior and inferior articulating processes 
and therefore, was speculated to be the pars interarticular-
is of L5.

Figure 1. 
Placement of the ultrasound probe. (Rectangle= Placement site for the ultrasound probe) Permission to use from 

Toltech (www.toltech.net)
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	 To confirm the in vivo ultrasound image accurately 
represented the pars interarticularis, two spine models 
were scanned to verify the authors’ assumption. First, a 
plastic spinal column model was submersed in a tub filled 
with water to simulate tissue around a spine. A metal  

paperclip was placed over the L5 pars interarticularis (Fig-
ure 3a); a subsequent ultrasound image was captured (Fig-
ure 3b). Additionally, a disarticulated, human dry spine 
was scanned (Figure 4a) and confirmed the same appear-
ance of the L5PI (Figure 4b) compared to in vivo image.

Figure 2. 
Ultrasound image of L5 pars interarticularis of 
a 10-year-old male. (Yellow highlighted area) 

pars interarticularis; (Star) Superior articulating 
process at L5; (Diamond) Inferior articulating 

process at L5.

Figure 3(a). 
Plastic spinal column was submersed in a tub filled with water. Paperclip is placed over the L5 pars interarticularis 

then ultrasound was captured.
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Figure 3(b). 
Ultrasound image of the plastic spinal column. (Arrow) artifact from tip of the paperclip pointing to the L5 pars 

interarticularis; (Star) Superior articulating process at L5; (Diamond) Inferior articulating process at L5.

Figure 4(a). 
Human spinal column scanning was done at L5 pars interarticularis with placement of the paperclip over the L5 pars 

interarticularis.
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	 Lastly, a young adult subject (25-year-old male) with 
known diagnosis of L5 spondylolysis, confirmed on radio-
graphic examination, (Figures 5a and 5b) was scanned 
with DUS using the previously described technique of 
locating the pars interarticularis.

Results
A concave smooth hyperechoic bridge with deep acous-
tic shadowing was identified extending between the su-
perior and inferior articulating processes, consistent with 
cortical bone of the L5PI on ultrasound. The L5PI local-
ized with the metal paperclip on two spine models were 
compatible with the baseline, in-vivo DUS image.
	 DUS of a spondylolysis demonstrated an interrupted 
cortex, displayed as a hypoechoic gap with an abrupt 
step-off defect at L5PI that contrasts the normal images of 
the L5PI obtained on the two models and in vivo subject, 
but was compatible with the radiographic appearance of a 
pars defect.

Discussion
This investigation yields promising evidence that the pars 

interarticularis can be visualized in young individuals by 
utilizing DUS. The cortex of the pars interarticularis was 
well defined in all subjects (human, plastic model, and 
human spine). This provides evidence that a pars inter-
articularis fracture resulting in spondylolytic spondylo-
listhesis may be visible using DUS. Further, DUS may 
provide valuable additional clinical data in cases with in-
conclusive radiographic evaluation of the lumbar spine. 
One potential advantage could be evaluating the stability 
of spondylolysis via real-time, dynamic evaluation that is 
not available with MRI, CT, or radiography.
	 Sharpe et al.1 looked at the trends of DUS utilization in 
the United States of America (USA) over the first decade 
of this century. The authors reported a 316% increase in the 
total number of diagnostic DUS examinations paid under 
Medicare Part B, between 2000 (56,254 studies) and 2009 
(233,964 studies).1 The chiropractic field is also seeing a 
growth in the number of chiropractic programs using DUS 
with five out of 24 respondents stating they have DUS at 
their program, with an additional nine of the 24 respondents 
having plans to implement the technology during the 2017 
study by Rogan et al.3 Because of its unsurpassed spatial 

Figure 4(b). 
Ultrasound image of the human spinal column. (Arrow) artifact from tip of the paperclip pointing to the L5 pars 

interarticularis; (Star) Superior articulating process at L5; (Diamond) Inferior articulating process at L5.
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resolution and dynamic imaging capabilities, applications 
for DUS have broadened significantly over the years mak-
ing ultrasound an effective, cost efficient alternative to 
MRI in many clinical applications, and the imaging test of 
choice in others.2 In addition to the benefit of decreased 
cost, DUS does not have an ionizing radiation dose unlike 
CT, nuclear imaging, and radiography; each of which are 
currently used to evaluate spondylolytic spondylolisthesis.
	 Tibial stress fractures have been reported to be visible 
using DUS with a defect in the cortex, adjacent edema, 
and Doppler imaging changes.10 Given DUS’s ability to 
show hyperemia via power Doppler, it is plausible that it 

may provide differentiation of acute from chronic pars de-
fects and possibly early identification of stress reactions 
at the pars interarticularis region prior to progression to 
a complete pars defect/fracture. Timely diagnosis and 
management are critical in preventing progression11 and 
increase the likelihood of a favorable prognosis including 
complete healing.5 DUS may be a cost-effective meth-
od for monitoring the healing process for spondylolytic 
spondylolisthesis in the acute setting, as DUS has been 
shown to provide earlier information about fracture heal-
ing and earlier prediction/identification of delayed union 
and nonunion.9

Figure 5(a). 
Lumbar oblique radiographs of the same subject scanned in Figure 5b demonstrating bilateral pars defects  

(yellow circle) at L5.
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Figure 5(b). 
Ultrasound images of the bilateral pars defects at L5; between the superior articulating process (star) and the inferior 

articulating process (diamond) at L5, a cortical step-off is noted (white arrow) at the pars interarticularis with 
discontinuity of the hyperechoic cortex.

	 This study demonstrated sonographic identification of 
the L5PI, verified using spine models. In a subject with a 
known spondylolytic spondylolisthesis, a cortical step-off 
was a noteworthy characteristic appearance in contrast to 
the smooth, concave L5PI between the articular processes 
in the unaffected subject and models.

Limitations
There are limitations in this study. This feasibility study 
only employed a single observer and as with all DUS 
studies, there can be considerable variability in the inter-
observer and intraobserver reliability, especially with 
respect to the operator’s experience in obtaining DUS 
images. The authors feel an important area of future re-
search would be to evaluate reliability across multiple in-
dividuals performing the scan at various skill and experi-
ence levels to determine the likely applicability of DUS 
in the evaluation of the pars interarticularis at a spectrum 
of skill levels. The authors also acknowledge this study 
used a single adolescent subject, and therefore the repro-
ducibility is unknown at this time. This subject selection 
decision was made because typically spondylolysis de-

velops in the adolescent population and the subcutaneous 
soft tissue thickness of this age group is likely to produce 
better resolution for anatomic localization. Future studies 
should attempt to attain a larger sample size with varying 
age groups and body sizes.

Conclusion
MSK-DUS provides potential for a cost-effective meth-
od of evaluating the pars interarticularis in populations 
at risk for spondylolytic spondylolisthesis. With the rela-
tively low cost compared to CT and MRI as well as the 
lack of ionizing radiation dose, DUS may be a valuable 
adjunctive tool in the evaluation and monitoring of the 
L5PI in subjects and patients with suspected pars path-
ology. Furthermore, with the well documented findings 
of stress fracture using ultrasound12, it is plausible that 
spondylolytic spondylolisthesis, an acute stress disorder 
in adolescents, may be detectable via DUS prior to pro-
gression to complete fracture.
	 For future studies, validation on the scanning proto-
col and reliability study on identifying L5PI analysis is of 
high importance.
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	 This study provides a foundation for future studies to 
include but not limited to DUS’s ability to identify L5PI 
fractures, distinguish acute vs. chronic spondylolysis, 
evaluate stress reactions of pending pars fractures, mon-
itor healing, and measure for motion/instability, given the 
dynamic capabilities of DUS.
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Background: Young students with skeletal immaturity 
report an increasing number of musculoskeletal 
symptoms associated with daily use of heavy backpacks. 
This cross-sectional study investigated the relationship 
between heavy backpack use and reports of pain. 
	 Methods: Data were collected from 300 students aged 
11 to 18 at the University of Toronto Schools. 
	 Results: Students, on average, carried 15.9% of their 
body weight. 54% of students reported physiological 
complaints, primarily back, shoulder, neck, and leg pain. 
Backpack weight as a % of body weight was strongly 
associated with pain complaints. Younger students and 
those with longer commutes were more likely to report 
heavy backpacks (50% compared to 22.6% of older 
students, p< .001) and pain. 

La symptomatologie musculosquelettique chez des 
étudiants dont le squelette est immature, et qui portent 
des sacs à dos lourds : une étude transversale 
Contexte: Les jeunes étudiants souffrant d’immaturité 
squelettique signalent un nombre croissant de troubles 
musculosquelettiques des symptômes associés à 
l’utilisation quotidienne de sacs à dos lourds. Cette 
étude transversale a examiné la relation entre 
l’utilisation de sacs à dos lourds et les signalements de 
douleurs. 
	 Méthodes: Les données ont été recueillies auprès de 
300 étudiants âgés de 11 à 18 ans dans les écoles de 
l’Université de Toronto. 
	 Résultats: Les étudiants, en moyenne, portaient 
15,9 % de leur poids corporel. 54 % des élèves ont 
signalé des troubles physiologiques, principalement des 
douleurs au dos, aux épaules, au cou et aux jambes. Le 
poids du sac à dos exprimé en pourcentage du poids 
corporel était fortement associé aux douleurs. Les 
étudiants plus jeunes et ceux qui ont des trajets plus 
longs étaient plus susceptibles de déclarer avoir des 
sacs à dos lourds (50 % comparativement à 22,6 % des 
étudiants plus âgés, p< .001), ainsi que des douleurs. 
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	 Conclusion: Carrying heavy backpacks could result in 
increased musculoskeletal complaints in young students. 
Findings suggest that even the upper bound of currently 
recommended guidelines (20% of body weight) may be 
too high, especially for younger children. 
 
 
 
(JCCA. 2024;68(2):131-141) 
 
K E Y  W O R D S : back pain, students, pain, child health, 
cross-sectional studies

	 Conclusion: Le port de sacs à dos lourds 
pourrait entraîner une augmentation des plaintes 
musculosquelettiques chez les jeunes élèves. Les 
résultats suggèrent que même la limite supérieure des 
recommandations actuelles (20 % du poids corporel) 
pourrait être trop élevée, en particulier pour les jeunes 
enfants. 
 
(JCCA. 2024; 68(2) : 131-141) 
 
M O T S  C L É S  : douleur dorsale, étudiants, douleur, santé 
de l’enfant, études transversales

Introduction
According to recommendations from the American Acad-
emy of Pediatrics (AAP), a child’s backpack should not 
exceed 10 to 20 percent of their body weight, with a new 
study stating that any backpack exceeding 15% of the 
carrier’s bodyweight can result in musculoskeletal com-
plaints.1,2 Consequent research has further suggested the 
limit should be lowered and not exceed 5-10% of body 
weight.3-5 There remains a lack of clarity on this topic, 
as there is currently no universal guideline for backpack 
weight, varying recommendations on weight, and little 
evidence that it has been shared with students and par-
ents.6 Despite this, research has demonstrated that a heavy 
backpack is a notable contributor to lower-back pain in 
children and that carrying a heavy backpack for long 
periods, carrying it on one shoulder instead of two, and 
climbing stairs while lugging a heavy load can exacerbate 
the problem.7-11 This issue warrants further investigation 
as the detrimental health effects can be combatted by in-
creasing awareness of ergonomic principles, including a 
backpack’s content and weight.6,7,12

	 The effects of carrying heavy backpacks have come 
under global investigation, as evidenced by research con-
ducted across Europe.4,13-19 Studies have observed an in-
crease in thoracic kyphosis as students have to adjust their 
centre of gravity to bear the weight, particularly when the 
weight carried surpasses 10% of body weight.20 Although 
neck pain and lower back pain are experienced by indi-
viduals of all ages, these problems become an increasing 
concern in adolescence, with the prevalence rates ranging 
from 21% to 42%.12,21 Consequently, this can warrant 
increases in consultations with health professionals and 

medication prescription, which can burden the healthcare 
system while simultaneously leading to reduced physical 
activity in children and higher rates of pain-related school 
absences.21 Thus, determining an acceptable limit for a 
child’s backpack and ensuring it is shared with stakehold-
ers is essential in reducing back, neck, and shoulder injur-
ies and preventing poor posture.6,22 The combined effects 
of a heavy load, position on the body, size and shape, dis-
tribution, and time spent carrying the load, further influ-
enced by the physical characteristics and condition of the 
individual, are considered factors that may be associated 
with these problems.8

	 While efforts have been made to set a weight limit for 
students’ backpacks, not enough is done to share and en-
force such limits.6 Early adolescence (during middle and 
high school years) is a critical developmental period for 
spinal growth.23 During this time, the early and mid-ado-
lescent spine increases in length and volume without 
substantially adding mass, thereby causing the adoles-
cent spine to be less able to withstand stresses that are 
considered normal for the adult spine.24-27 Furthermore, 
experiencing lower back pain as a child or adolescent is 
strongly associated with chronic lower back pain in adult-
hood.28 Preventive measures and appropriate guidelines 
regarding safe backpack weights for school children are 
essential in the reduction of musculoskeletal complaints 
among children to prevent the chronicity of such issues in 
adulthood.
	 Accordingly, we first sought to determine if the aver-
age backpack weight that students (aged 11-18) were 
carrying exceeded the recommended guidelines outlined 
by the AAP. Here, we additionally wanted to determine 
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if carrying overweight backpacks was associated with 
musculoskeletal (pain) complaints among these skeletally 
immature students. We investigated the relationship be-
tween musculoskeletal complaints and the average weight 
being carried and, in turn, determined whether carry-
ing overweight backpacks was related to compromised 
health. To this end, we examined the subjective percep-
tion of pain and daily backpack load to ascertain whether 
an association exists. We also explored factors such as 
the time spent carrying a backpack to school and other 
variables that could further affect the subjective backpack 
load and related musculoskeletal complaints.

Methods
Ethics approval was obtained prior to the commencement 
of the study through the institutional Research Ethics 
Board Review Committee. Informed student consent and 
parental consent were both obtained. Students and staff 
were briefed regarding the purpose of the study. The study 
was designed and conducted by members of an academic 
club at the University of Toronto Schools (UTS), a merit-

based middle and high school in the Greater Toronto 
Area. Two members were responsible for data collection. 
Additionally, a faculty member supervised the study pro-
gression. All procedures were in accordance with Can-
ada’s Tri-Council Policy Statement: Ethical Conduct for 
Research Involving Humans.

Participants
Participants were recruited at the UTS Institute in the 
city of Toronto, Ontario, over a period of six months. 
An email detailing the study was sent to all students, al-
lowing them to opt in or out of the study, with no incen-
tive offered to participants. Of 612 eligible participants, 
11 students opted out of participation. Of the remaining 
601 interested students, stratified random sampling was 
used to recruit equal numbers of males and females for 
a total of 50 students from each grade (grades 7 through 
12). Younger students were categorized as Grades 7 – 9 
(ages 11 – 14) and older students as Grades 10 – 12 (ages 
15 – 18). Figure 1 illustrates the participant eligibility 
and selection process.

Figure 1. Flowchart of Participant Eligibility and Selection
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Sample size justification
The sample was determined based on consideration of 
research objectives and representation of the target popu-
lation. This investigation explored musculoskeletal con-
cerns associated with carrying overweight backpacks 
among grades 7-12 students. For a comprehensive and 
unbiased sample, stratified random sampling was used.
	 A power analysis determined that the minimum re-
quired sample size for this study was 210 participants (ef-
fect size of 0.25, α = 0.05, power [1−β] = 0.95). Previous 
research in this field have highlighted the absence of a 
standard reference effect size. This has made determining 
the appropriate sample size challenging due to a lack of 
literature. For example, one study recruited 123 students 
based on an estimation that pain prevalence was 30% with 
a confidence level of 95%.10

	 The student body comprised of 612 students, with 102 
in each grade level. For equitable representation, 50 stu-
dents (25 female and 25 male) were randomly selected 
from each grade, yielding a total sample size of 300 stu-
dents, equally distributed across genders. Thus, data were 
collected from 50% of the student body, ensuring inclu-
sivity of diverse student backgrounds and facilitating gen-
eralizability to the broader school context. This was done 
to mitigate potential bias from over or under-representa-
tion of grades or genders. The chosen sample size ensured 
the statistical power for detecting anticipated effects and 
enhanced the validity of the findings by adhering to ethic-
al principles for addressing the research objectives.

Data collection
Data collection was conducted consecutively, beginning 
with the recruitment of students in Grade 7 and ending 
with students in Grade 12. Data collection took place on 
random days such that students would not be influenced by 
the study and alter their backpack’s weight in anticipation 
of the data collection. All data were collected in the mor-
ning following each student’s arrival, at lunch, and before 
departure from school. First, a consent form and a ques-
tionnaire to gather primary data were administered. The 
questionnaire included details about age, gender, grade, 
body weight, height, area of residence, commute type, 
duration of commute, backpack weight, subjective per-
ception of backpack weight, items in the backpack, how 
it is carried, physical complaints, frequency of physical 
complaints, medical intervention, any medical diagnosis, 

and any use of medications. The study ensured that all 
students used a dual-strap backpack, with all participants 
reporting they carried the load on both shoulders. Regard-
ing physical complaints, students were asked if they ex-
perienced any musculoskeletal complaints, such as pain 
in the neck, shoulder, lower back, or leg(s). Second, the 
weight of the backpacks was obtained using a Klau Hang-
ing Scale with the capacity to measure between 0.2 kg 
and 500 kg with high precision. The validity of this instru-
ment was tested using functional cuff weights of 0.45 kg, 
1.36 kg, and 2.27 kg, revealing accurate measurements 
over repeated trials. Third, the weight of participants was 
collected using a Seca 803 digital floor scale, calibrated at 
the start of each day of data collection. Finally, the height 
of participants was measured using a Health O Meter pro-
fessional wall-mounted height rod.

Analyses
The Statistical Package for the Social Sciences (SPSS, 
Version 28.0) was used for all data analysis.29 Back-
pack weight as a % of bodyweight was measured on a 
continuous ratio scale. Chi-square tests were conducted 
to assess objective backpack weight (as a percentage of 
body weight) and commute time on the pain response 
in students. Independent samples t-tests and analyses of 
variance (ANOVA) were conducted to assess differences 
in outcomes across groups of categorical variables (re-
ported pain complaints, subjectively perceived heaviness 
of bags). All assumptions were assessed and met for each 
analysis.

Results
Sample characteristics and outcomes are summarized in 
Table 1. The present study found that 75% of students 
carried a backpack that was more than 10% of their body 
weight, and 17% of students carried a backpack more 
than 20% of their body weight. On average, students 
carried 15.9% of their body weight, and approximately 
54% reported physiological impacts with primarily back, 
shoulder, neck, and leg pain complaints. On average, 
younger students (Grades 7 – 9; ages 11 – 14) were carry-
ing heavier backpacks in proportion to their body weight 
compared to older students (Grades 10 – 12; ages 15 
– 18) (Table 1). The average backpack weight to body-
weight ratio for younger students was 17.7%, compared 
to 13.6% for older students. In addition, younger students 
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Figure 2. 
Reports of subjective perceptions of backpack weight by grade (Note. A greater percentage of younger students (Grades 

7-10) reported heavy backpacks compared to older students (Grades 11-12). Similarly, a greater percentage of older 
students reported light backpacks compared to younger students). (─▲─) reports of light backpacks; (─  ─); reports 

of moderately heavy backpacks; (•• ▄ ••) reports of heavy backpacks.

were more likely to be carrying backpacks that were more 
than 10% (98%, 92%, and 94% of students in grades 7, 
8, and 9, respectively), or 20% (44%, 36%, and 20% of 
students in grades 7, 8, and 9, respectively) of their body 
weight. There was no great difference in the average 
backpack weight alone, with younger students carrying 
backpacks weighing 8.3 kg and older students carrying 
backpacks weighing 7.9 kg. However, the average body 
weight of younger students was 47.24 kg while, in com-
parison, the average body weight of older students was 
58.35 kg. Here, the younger group’s lower body weight 
had a significant impact on the backpack-to-bodyweight 
ratio.
	 Students in younger grades 7 – 9 were more likely to 
report their backpacks as being heavy compared to older 
students in grades 10 – 12 [50% compared to 22.6%, χ² (5, 
n = 300) = 75.54, p < .001]. In addition, a higher propor-
tion of students in grades 7 – 10 reported musculoskeletal 
pain complaints (66%, 56%, 62%, and 72%, respectively) 

compared to students in grades 11 and 12 (34% and 32%, 
respectively), a statistically significant difference in pro-
portions, χ² (5, n = 300) = 28.54, p < .001. Figure 2 and 
Figure 3 further illustrate these differences.
	 The relationship between objective backpack weight, 
subjective perception of backpack weight, and pain
An independent samples t-test revealed a significant dif-
ference in the relative backpack weight as a % of body 
weight between students who reported pain complaints 
(M = 17.2, SD = 4.2), and students who reported no pain 
(M = 14.3, SD = 3.8), t(298) = -6.1, p < .001).
To assess the relevance of AAP guidelines with regard to 
reports of pain, a chi-square test found that 21.1% of stu-
dents were carrying less than 10% of their body weight 
reported physical pain complaints, compared to 50.6% of 
students carrying between 10-20% of their body weight 
and 80% of students carrying more than 20% of their 
body weight, a statistically significant difference in pro-
portions, χ² (2, n = 300) = 22.92, p <.001 (Figure 4).
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	 To determine whether students’ subjective reports of 
their backpack weight were related to the objective weight 
of their backpacks, a one-way ANOVA revealed significant 
differences in the backpack weight as a % of body weight 
between students who reported their bags as very heavy 
(M = 18.34, SD = 3.86), moderately heavy (M = 15.01, 
SD = 3.63) and light (M = 11.08, SD = 2.81), F(2, 297) = 
52.67, p < .001, η2 = .26, indicating a large effect size (Co-
hen, 1988). Further, a chi square test revealed significant 
differences in the proportion of students who reported pain 
complaints between those who reported their backpacks as 
very heavy (76.1%), moderately heavy (43.3%), and light 
(25.9%), χ² (2, n = 300) = 37.61, p <.001.

The relationship between commute time, subjective 
perception of backpack weight, and pain
A chi-square test found that 83% of students with a com-
mute time of greater than two hours reported physical 

pain, compared to 51% of students with a commute time 
of between one and two hours, 57% of students with a 
commute time of between 30 minutes and one hour, and 
only 39% of students with a commute time of fewer than 
30 minutes, a statistically significant difference in propor-
tions, χ² (3, n = 300) = 11.44, p =.01 (Figure 5). Spe-
cifically, a commute time of over two hours resulted in 
significantly more reports of physical pain than shorter 
commute times (i.e., less than 30 minutes).
	 Further, students were more likely to report their bags 
as being very or moderately heavy (as opposed to being 
light) if they had a longer commute. Here, 100% of stu-
dents with a commute time of greater than two hours re-
ported heavy backpacks, compared to 96.4% of students 
with a commute time of between one and two hours, 
88.2% of students with a commute time of between 30 
minutes and one hour, and 62.5% of students with a com-
mute time of fewer than 30 minutes, a statistically signifi-

Figure 3. 
Reports of pain by grade (Note. A greater percentage of younger students (Grades 7-10) reported musculoskeletal pain 

compared to older students (Grades 11-12)). (─▲─) reports of pain; (─  ─), reports of no pain.
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Figure 4. 
The relationship between backpack weight and pain complaints (Note. On average, students carrying a heavier 

percentage of their body weight reported significantly more pain complaints. (▄), pain; (▄), no pain).

Figure 5. 
The relationship between duration of commute and pain complaints (Note. Duration of commute was related to pain 

complaints; there were significantly more reports of pain among students with commute times of over two hours 
compared to those with shorter commute times). (▄), pain; (▄), no pain.
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cant difference in proportions, χ² (3, n = 300) = 42.70, p 
<.001. No significant differences were observed for vari-
ables such as commute type and area of residence.

The role of additional demographic variables in 
assessing perceptions of bag weight and pain
Further group-level analyses were conducted to assess 
the role of demographic characteristics in perceptions of 
backpack weight and reports of pain. A point biserial cor-
relation revealed a small but significant association be-
tween height and pain complaints, where pain was more 
frequently reported among shorter students than taller stu-
dents (rpb (298) = - .150[-.259, -.037], p = .009). There 
was no observed effect of sex; reports of pain did not sig-
nificantly differ between male and female students (50% 
compared to 57.3%, χ² (1, n = 300) = 1.62, p = .203).

Discussion
The AAP recommends that a child’s backpack be no more 
than 10-20% of their body weight.1 The present study 
found 75% of all students carrying a backpack more than 
10% of their body weight, and 17% of students carried 
a backpack more than 20% of their body weight. In this 
sample, 33.3% of younger students ages 11-14 carried 
backpacks at or over the maximal 20% limit recom-
mended by the AAP. In comparison, 1.3% of older stu-
dents ages 15-18 surpassed this limit. This appears to be 
related to the finding that backpack weight remained rela-
tively stable across age groups even though there is a high 
degree of variance in body weight and height across chil-
dren aged 11-18. Typically, while backpack weight across 
ages and grades tended to remain stagnant, lower body 
weights of younger students appeared to lead to more pain 
complaints, likely due to the ratio of backpack weight to 
body weight, which has previously been identified as a 
predictor of back pain.7

	 Backpack weight as a percentage of the child’s body 
weight was significantly related to the presence of in-
creased pain complaints for all students, as was their sub-
jective perception of this weight. Further, this study and 
other research found that younger students were much 
more likely to report musculoskeletal pain as compared 
to older students.30 While only 17% of students carried 
a backpack more than 20% of their bodyweight, the pro-
portion of students with musculoskeletal complaints was 
much higher, with approximately 54% of students report-

ing pain primarily in the back, shoulder, neck, and legs. 
Accordingly, even the upper bound of presently recom-
mended guidelines (20% of body weight) may be too 
high, especially for younger children.
	 Prior evidence has suggested that the time spent carry-
ing the backpack, in addition to its weight, is a factor in 
instances of back pain.31,32 The present study found that 
commute duration to school was significantly related to 
students’ perceived backpack weight and their reports of 
musculoskeletal pain, especially when commute times 
were longer than one hour. Research has also indicated 
the impact on musculoskeletal health associated with the 
distance and time spent carrying the backpack might ex-
ceed that of weight alone, thus being a crucial contribut-
ing factor considered in this study.32 With 64% of students 
reporting a commute greater than or equal to one hour, 
this poses a significant concern and warrants further con-
sideration.
	 While previous research on this subject has found a 
correlation between back pain and the factors identified 
in this study, they have been unable to identify specific 
risk factors as a result of inconsistent methods of report-
ing, as most studies on this topic do not consider the type 
of back pain, spinal posture and illness factors.24,30 These 
reviews call upon future studies to be more rigorous in 
considering the factors that lead to back pain, which this 
study addressed by inquiring about the regions of the back 
affected by back pain and regarding spinal posture and ill-
ness factors by inquiring whether participants have been 
previously diagnosed by medical professionals for any 
musculoskeletal issues.
	 The effects of carrying excess weight in school back-
packs have been a long-discussed subject in paediatric 
research, yet students are required to carry loads that ex-
acerbate this problem and cause physical pain.33 Exces-
sive backpack weight, especially that exceeding 20% of 
the individual’s body weight, has recently gained atten-
tion from multiple studies as a major contributor to pain in 
the early stages of development.3,34,35 Consequently, back 
pain in children has become a prominent public health 
concern.36

	 The backpack was designed to be the appropriate 
method to load the spine closely and symmetrically while 
maintaining stability.8 However, risk evaluation when 
carrying over the recommended maximum weight in a 
backpack is essential. Exceeding recommended guide-
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lines of backpack weight can cause an individual’s center 
of gravity to be displaced which can create excess tension 
in one’s muscles in the back and neck. Such excessive ten-
sion is further associated with spinal column dysfunction 
and a decrease in lung volume.10 Previous work has also 
demonstrated an association between backpack weight 
and musculoskeletal complaints.33 There is an increased 
risk to younger children and adolescents considering that 
their musculoskeletal system is undergoing a period of 
growth and maturation and considering the frequency of 
backpack use in this group.23

	 Musculoskeletal problems associated with backpack 
use are becoming an escalating concern for skeletally 
immature students.6 Studies have found that back pain in 
adolescents is a strong predictor of developing chronic 
back pain in adulthood.37-41 Unaddressed back pain can 
get exacerbated, resulting in long-lasting complications. 
Prior research has also found that carrying heavy back-
packs may lead to detrimental changes in trunk posture 
and muscle activity.42

Limitations
This study has some limitations which must be con-
sidered. First, while the sample is representative of the 
school’s population, these results may not be generaliz-
able on a city-wide or regional scale. Further research is 
required to produce comprehensive data on the perva-
siveness of the adverse effects of overweight backpacks 
among skeletally immature students. Secondly, this study 
was reliant on self-reported musculoskeletal complaints. 
As such, data on pain are vulnerable to participant sub-
jectivity and reliability. Finally, the impact of a cross-sec-
tional dataset introduces certain limitations, as the nature 
of the design restricts the establishment of causal relation-
ships, with data being collected at only one time point. 
As such, there are limitations in capturing longitudinal 
changes, potentially overlooking trends and fluctuations 
in the investigated variables. While this study provides 
valuable insight into the relationship between backpack 
weight and musculoskeletal pain, there are limitations in 
generalizing the findings. Expanded cohort studies with 
diverse student populations are required to further explore 
these findings.

Conclusion
In conclusion, the findings of this study demonstrated 

that the current backpack weight for many (particularly 
younger) students is higher than recommended guidelines 
and likely related to a high number of pain complaints. 
Most students carrying between 10-20% of their body 
weight reported mild to moderate pain, which is often 
overlooked in practical settings as it falls below the up-
per bound of AAP recommended guidelines (i.e., 20% of 
body weight). Heavy backpacks are an influential factor 
in the cause of early-age back pain, and previous research 
has suggested that reducing the load to 10% of body 
weight can help maintain normal posture.3,35 The present 
study’s findings could inform further research that aims 
to address the issue of heavy backpack use. Additional-
ly, considering commute time was significantly related 
to pain complaints, reductions in the time spent carrying 
backpacks should be considered. Current recommenda-
tions include carrying adequately adjusted backpacks to 
better fit the child’s back, backpacks with padded dual 
straps, carrying only necessary items, placing the heaviest 
items closest to the back, the provision of lockers to store 
heavier items (e.g., textbooks), and division of textbooks 
into smaller modules.6,43 These recommendations were 
provided to UTS to facilitate changes that decrease back-
pack load for students. Considering that previous research 
has consistently demonstrated that back pain in adoles-
cence contributes to chronic back pain in adulthood, early 
intervention in this population is imperative. Ultimately, 
further research is needed to elucidate the relationship be-
tween backpack weight and musculoskeletal pain in early 
educational settings to create a healthier learning environ-
ment for students.
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Table 1. 
Sample characteristics and outcomes

Grade Total 7 8 9 10 11 12

Age range 11-17 11-12 13-14 14-15 15-16 16-17 17

M SD M SD M SD M SD M SD M SD M SD

Height (cm) 162.9 10.1 154.3 8.9 155.0 7.4 157.7 5.7 165.9 9.3 166.5 6.7 173.1 6.1

BW (kg) 52.6 8.4 43.7 6.5 47.9 6.8 50.1 5.8 55.1 6.7 58.0 4.3 60.7 5.8

Backpack weight (kg) 8.1 1.5 8.0 1.7 8.3 1.6 8.8 1.3 8.9 0.7 7.7 1.0 6.8 1.0

n % n % n % n % n % n % n %

Backpack as a % of BW 15.4 18.3 17.3 17.6 16.2 13.3 11.2

Students carrying > 10% BW 225 75 49 98 46 92 47 94 44 88 28 56 11 22

Students carrying > 20% BW 52 17.3 22 44 18 36 10 20 2 4 0 0 0 0

Students reporting heavy backpacks 109 36.3 20 40 28 56 27 54 27 54 6 12 1 2

Students reporting pain 161 53.67 33 66 28 56 31 62 36 72 17 34 16 32

Note. BW = body weight
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This case study documents the case of a 27-year-
old female who presented with a complaint of left 
anterolateral thigh numbness, initially diagnosed as 
meralgia paresthetica with a differential diagnosis of 
lumbar radiculopathy. Over a span of two weeks, the 
patient endured emotional trauma and subsequently 
developed lesions in the area of complaint. The patient 
was diagnosed at a medical clinic with herpes zoster and 
was prescribed anti-viral medication which resulted in 
complete resolution. 
	 This case highlights the importance of considering 
herpes zoster as a differential diagnosis for nerve-
related symptoms. Features of lumbar radiculopathy, 
meralgia paresthetica, varicella zoster and herpes zoster 
are discussed, as well as the defining characteristics and 
treatment options. Practitioners must remain vigilant in 

Une présentation inhabituelle du zona et des différentiels 
associés 
Cette étude de cas documente le cas d’une femme de 
27 ans qui a présenté une plainte d’engourdissement 
antérolatéral gauche de la cuisse, initialement 
diagnostiquée comme une méralgie paresthésique avec 
un diagnostic différentiel de radiculopathie lombaire. 
En l’espace de deux semaines, le patient a subi un 
traumatisme émotionnel et a par la suite développé 
des lésions dans la zone de la plainte. Le zona a été 
diagnostiqué chez le patient dans une clinique médicale 
et un traitement antiviral lui a été prescrit, ce qui a 
permis une guérison complète. 
	 Ce cas souligne l’importance de considérer le 
zona comme étant un diagnostic différentiel pour les 
symptômes liés aux nerfs. Les caractéristiques de la 
radiculopathie lombaire, de la méralgie paresthésique, 
du zona varicelleux et du zona font l’objet de 
discussions, ainsi que les caractéristiques et les options 
de traitement qui les définissent. Les praticiens doivent 
rester vigilants en cas de suspicion d’infections virales 
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suspicion of viral infections such as herpes zoster even 
with lower incidence due to approved vaccines. 
 
(JCCA. 2024;68(2):142-148) 
 
K E Y  W O R D S : chiropractic, differential diagnosis, 
herpes zoster, lumbar radiculopathy, meralgia 
paresthetica, patient management, varicella zoster

telles que le zona, même avec une incidence plus faible 
en raison de vaccins approuvés. 
 
(JCCA. 2024; 68(2) : 142-148) 
 
M O T S  C L É S  : chiropratique, diagnostic différentiel, 
zona, radiculopathie lombaire, méralgie paresthésie, 
prise en charge des patients, varicelle-zona

Introduction
Low back pain can radiate into the lower extremities, giv-
ing rise to symptoms such as numbness, tingling and pain.1 
Differentiating nerve related diagnoses such as meralgia 
paresthetica, herpes zoster, and lumbar radiculopathy is 
important in determining what can be treated by a chiro-
practor and which patients should be referred for further 
investigation. This paper presents a case of a patient who 
presented to a chiropractic clinic with nerve related symp-
toms, later revealed to be a case of herpes zoster, after ori-
ginally being diagnosed as meralgia paresthetica.
	 Meralgia paresthetica is a mononeuropathy of the 
lateral femoral cutaneous nerve, a sensory nerve that 
innervates the anterolateral part of the thigh.2 Meralgia 
paresthetica is an elusive diagnosis to make because it can 
often mimic a lumbar radiculopathy presenting with de-
creased sensation to pinprick, pain, or burning within its 
distribution.2 The entrapment site for this nerve is under 
the inguinal ligament just beneath the anterior iliac spine.2

	 Herpes zoster, also known as "shingles," is an acute, 
localized infection of the central nervous system involv-
ing the dorsal root ganglion.3 It is caused by the varicella 
zoster virus which is a member of the Herpesvirus family.4 
Following a primary varicella infection, the virus remains 
dormant in the dorsal root ganglia, often for many years.4 
When the virus re-activates, pain within the dermatome 
results followed by an outbreak of vesicles.5

	 This case study highlights an instance where a nerve 
complaint presenting as meralgia paresthetica was later 
revealed to be a latent herpes zoster infection. Herpes zos-
ter should remain as a differential for the clinician when 
diagnosing nerve-related complaints.

Case presentation
A 27-year-old female presented with a primary complaint 
of numbness of the left anterolateral thigh, and low back 

pain. The pain and numbness began insidiously four 
months prior while on a trip to Australia where she was 
hiking through rugged terrain, often sleeping on non-ideal 
surfaces and had no opportunity to have her symptoms 
investigated. There was no progression or resolution after 
returning from her trip, and the numbness still woke her 
up at night. The numbness was localized to the anterolat-
eral aspect of her thigh, from her greater trochanter down 
to above her knee, never extending beyond the knee. The 
numbness occurred when lying supine or sitting for a 
prolonged period. Standing and walking provided some 
relief. She was not taking any medication for the current 
condition, and her family doctor recommended seeking 
chiropractic treatment, and strengthening her core. The 
pain was rated as a 2-3/10 and did not prevent her from 
engaging in her daily activities. Also, there was a slight 
burning sensation noted centrally in her L4/5 region, 
which originated when the numbness arose.
	 The patient was quite active and maintained a healthy 
lifestyle. Family history was unremarkable as was any 
personal history of back pain. The patient was concurrent-
ly being treated for a minor right knee injury at the clinic, 
and her health history was otherwise unremarkable.
	 Physical examination revealed full and pain-free lum-
bar ranges of motion, with large ranges of flexion and 
extension demonstrated. Orthopedic testing for the low 
back was within normal limits with Yeoman's, straight leg 
raise, Braggards, Bowstrings and sacroiliac joint com-
pression not eliciting any abnormal response. Valsalva's 
was pain-free and did not increase the symptoms, with 
Kemp's revealing mild discomfort at L4/5 bilaterally. Mo-
tion palpation of the low back revealed a large range of 
motion throughout the lumbar spine with no restrictions 
or pain on joint challenge.
	 A lower extremity neurological exam was performed. 
Sensory testing for the lower limb revealed an area of de-
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creased sensation located on the anterolateral aspect of 
the thigh, from the greater trochanter to three inches (~7.5 
cm) superior to the lateral condyle of the knee. Testing 
was performed with soft touch and sharp and dull, with 
a decreased awareness within the area of diminished sen-
sation. Strength testing for the lower limb was rated 5/5 
bilaterally with reflexes for patellar and Achilles rated as 
2+ bilaterally.
	 The patient was referred to her family doctor for radio-
graphic examination of her low back including flexion/
extension views to help rule out hypermobility as a cause 
for her neurological complaints. She continued treatment 
for an unrelated knee complaint, and the area of paresthe-
sia on her left thigh was monitored.
	 Two weeks after the initial evaluation, the patient 
presented to her family doctor with 3-4 red scab-like le-
sions within the area. Her family doctor diagnosed them 
as "spider bites" and no medication was prescribed. Two 
days later, when more scab-like lesions appeared within 
the area she went to a walk-in clinic where a prelimin-
ary diagnosis of herpes zoster was made through visual 
inspection, and she was provided a prescription for an-
ti-viral medication. No further testing was arranged by the 
physician, but a follow-up was encouraged to the patient 
if it did not resolve with the prescribed medication. The 
lesions disappeared within four to five days, and patient 
reported that she had complete resolution of her paresthe-
sia within two weeks. Although no follow-up neurologic-
al or physical examination was performed, the patient re-
layed 3 months later that her resolution was maintained. It 
is worth noting that at the time of outbreak of her lesions, 
the patient reported to be under considerable emotional 
stress, as she was experiencing problems at work and had 
to relocate after a fire in her apartment.

Discussion 
Varicella zoster
Varicella zoster (VZ) is a childhood disease commonly 
referred to as chickenpox, which presents with an itchy, 
blistered rash and is often associated with a fever and or 
respiratory symptoms.5 VZ symptoms can present 10 to 
20 days post infection and last up to two weeks.5 Symp-
toms are typically mild for most children however can be 
severe in the immune compromised population. Prior to 
wide-spread availability of a vaccine, VZ infected 50% 
of children by age five, and 90% by age 12 in Canada.6 

Pre vaccine statistics in Canada show that there were ap-
proximately 350,000 cases each year and 1500-2000 re-
lated hospitalizations.6 Once infected with VZ the virus 
remains latent in the sensory nerve ganglion and can be 
reactivated later in life as the herpes zoster virus. Al-
though rarely performed because the diagnosis is usually 
made on inspection of the rash, cultures from a lab can 
confirm the diagnosis of VZ.5

	 The live attenuated VZ vaccine became licensed in 
Canada in 1998 and available in Ontario in 2004.6 The 
vaccine in children is estimated to be 94.4% effective 
following a single dose and 98.3% effective following 
a second dose.6 The recommended doses of the vaccine 
should be given at 15 months old and at 4-6 years of age.6 
The vaccines are included in the publicly funded schedule 
and are offered free to all children in Ontario. A child born 
after 2010 is required to have the chickenpox vaccine un-
less they have a valid exemption. Adverse reactions to the 
VZ vaccine are uncommon and few have been reported. 
The most common reactions include pain, swelling, red-
ness at the injection site, and a low-grade fever. Although 
this vaccine is most effective in children it should be high-
ly prioritized in high-risk populations.6 The risk of con-
tracting the herpes zoster virus is 4-fold to 12-fold lower 
in those who have had the VZ vaccine in comparison to 
those unvaccinated.6 There are documented cases where 
individuals who have been vaccinated against chickenpox 
may still get HZ years later.6

Herpes zoster
Herpes zoster (HZ) virus also known as shingles, is the 
reactivation of the varicella zoster virus. HZ presents with 
symptoms commonly of the trunk such as pain and tin-
gling in a unilateral dermatomal pattern, often with asso-
ciated fluid filled blisters.7 This typically occurs in those 
above 50 years of age, due to weakening of the immune 
system or when triggered by emotional stress.7 Someone 
with HZ can transmit the virus to someone who has never 
had chickenpox or who is unvaccinated. The transmission 
of HZ occurs with contact of fluid from the rash of one 
person or via respiratory droplets.7 A common compli-
cation of HZ is post herpetic neuralgia which often pre-
sents with debilitating neurogenic pain in a dermatomal 
pattern.7 The incidence of postherpetic neuralgia reported 
in patients with HZ is 9-34%.8 Canadian statistics show 
that each year there are 130,000 new cases of HZ, 17,000 
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of which progress to post herpetic neuralgia.7 The most 
useful and definitive laboratory test to diagnose HZ is a 
Polymerase Chain Reaction Test which involves swab-
bing open lesions during the acute phase of the virus.9 
Acyclovir is the usual first line antiviral in treatment of 
herpes zoster.9 Psychological stress has been associated 
with triggering latent infections such as herpes zoster. 
This is a modifiable risk factor and should be incorpor-
ated into the patient’s plan of management.10 Although the 
most common location for HZ is the trunk, other derma-
tomal distributions should always be considered. Differ-

entials for HZ and postherpetic neuralgia should include 
discogenic irritation resulting in radiculopathy and other 
peripheral neuropathies.
	 Currently in Canada there are two different herpes 
zoster vaccines authorized for use: A live zoster vaccine 
Zostavax II and a recombinant zoster vaccine Shingrix.7 
These vaccines were developed to treat people who have 
previously been infected with VZ and are hosting a latent 
virus that could reactivate and cause HZ. Even those who 
have previously had the chickenpox vaccine are recom-
mended to get the Shingrix vaccine, because it is still pos-

Figure 1. 
Example of Herpes Zoster lesions. Diepgen 
TL, Yihune G et al. Dermatology Online Atlas. 
https://dermis.net/shop/49/11410.jpg

Figure 2. 
Example of Herpes Zoster lesions. Diepgen 
TL, Yihune G et al. Dermatology Online 
Atlas. https://dermis.net/shop/49/11438.jpg
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sible to get herpes zoster after being vaccinated against 
chickenpox.6 This vaccine is recommended for anyone 
above 50 years of age and is safe, cost effective and high-
ly recommended for preventing HZ infection and associ-
ated symptoms such as postherpetic neuralgia.7

Meralgia Paresthetica
Meralgia Paresthetica (MP) is a neurological condition 
caused by entrapment of the lateral femoral cutaneous 
nerve. MP presents with unilateral symptoms such as 
numbness, paresthesia, and pain in the anterolateral thigh, 
the associated sensory distribution of the nerve.11 The 
most common location of lateral femoral cutaneous nerve 
entrapment occurs as it passes under or above the inguin-
al ligament.12 Patients most affected by MP include fe-
males around 40-50 years of age and those with increased 
intra-abdominal pressure, including pregnant women and 
obese individuals.12 The incidence of MP is approximate-
ly 3-4% per 10,000 person years.2 MP can be classified as 
spontaneous, mechanical, or iatrogenic. Spontaneous MP 
results in those with conditions such as diabetes mellitus 
or hypothyroidism which predispose them to this con-
dition.12 Mechanical causes result from external forces 
compressing the nerve such as seat belts or restrictive 
clothing.12 Lastly, iatrogenic MP occurs after surgical 
intervention such as a hip replacement surgery or an in-
guinal repair, where there has been direct nerve injury.12

	 Physical exam findings for a patient with suspected MP 
include sensory deficits within the associated dermatome, 
no change in symptoms between sitting and standing, pot-
entially aggravated symptoms with extension, and symp-
tom exacerbation with Valsalva maneuver or other testing 
causing an increase in intra-abdominal pressure.13 Treat-
ment for MP includes passive and active care, patient edu-
cation and reassurance, discussion of weight loss if this 
is a contributing factor, ice and NSAIDS.13 If symptoms 
persist beyond 1-2 months with conservative treatment, 
a referral should be considered.13 The prognosis is good 
with conservative treatment, 85% of patients report spon-
taneous recovery.13

Lumbar radiculopathy
Lumbar radiculopathy refers to the irritation of nerves 
within the spinal canal or as they exit the spine, resulting 
in symptoms that radiate down the lower extremities 
within the associated dermatome or myotome. Patients 

suffering from lumbar radiculopathy typically present 
with symptoms distinct from mechanical low back pain 
including sensations such as burning, stinging, weak-
ness, and sensory alterations into the lower extremities.14 
Disc lesions and degeneration are the most common 
causes of lumbar radiculopathy, with other potential 
causes including spinal stenosis and space occupying le-
sions such as tumors or infection. Among patients with 
low back pain, radicular symptoms are present in 12-
40% of cases.15

	 Physical exam findings for a patient with radiculopathy 
can include pain, weakness, and sensory disturbances 
within the affected myotome and dermatomal distribu-
tion.15 Symptoms are often exacerbated with ranges of mo-
tion as well as with orthopaedic testing including Valsalva 
maneuver, slump test, and straight leg raise. Conservative 

Figure 3. 
Lateral Femoral Cutaneous Nerve Distribution. 

Henry Vandyke Carter, Public domain, via Wikimedia 
Commons. https://upload.wikimedia.org/wikipedia/

commons/b/bf/Gray826and831.PNG



J Can Chiropr Assoc 2024; 68(2)	 147

S Dunham, A Morris

management is typically the first line of treatment for ra-
diculopathies. Pharmacological agents can be effective in 
reducing symptoms as well as nonpharmacological inter-
ventions such as acupuncture, spinal manipulation, and 
traction mobilizations.15 If conservative management fails 
to alleviate the patient’s symptoms, surgical intervention 
is considered.

Differentiation
There are documented instances where nerve related 
complaints are caused by herpes zoster, but rarely in the 
upper leg. One report documented a 43-year-old who 
experienced subjective paresthesia and radiating pain 
down her leg after a work-related injury. A decrease in 
light touch sensation and pinprick in the left L5 derma-
tome was present, along with a clear MRI. Three weeks 
after presentation she developed "scabbed" vesicles and 
was diagnosed with herpes zoster.3 Another case is of 
a 31-year-old who described a "sunburn on the inside" 
of the leg, with fluctuating intensity over the past year. 
No hard orthopedic signs were present, but crusted pus-
tules were discovered over the left iliac crest, and the 
diagnosis of herpes zoster was made.3 A final case report 
documented a 58-year-old woman with dull left leg pain 
of one-year duration. Sensory testing revealed hyperes-
thesia over the mid anterior thigh, to both pin prick and 
light touch. A provisional diagnosis of L2/3-disc lesion 
was made, but three days later a vesicular type of rash 
over the region of the left mid anterior thigh was discov-
ered. Subsequently the diagnosis of herpes zoster was 
made.4

	 A common theme to the articles retrieved on herpes 
zoster is the retrospective nature of the diagnosis. Often 
the patient was being treated under a different diagnosis 
or the patient did not present until lesions were present, 
with these patients often suffering for weeks or months 
with pain and paresthesia. This is consistent with the 
clinical course of our patient, and the rapid resolution of 
her symptoms with the appropriate diagnosis and inter-
vention. The contributing effect of emotional stress trig-
gering the symptoms is also a commonality that clinicians 
should be aware of in herpes zoster patients.17

	 This case highlights the importance of including her-
pes zoster in the list of differentials when addressing 
nerve-related complaints. For conditions such as meralgia 
paresthetica or lumbar radiculopathy, clinicians should 
retain herpes zoster as a differential diagnosis.
	 Clinicians must be vigilant in conducting regular vis-
ual inspections of the affected area and carefully examin-
ing the skin for any presenting lesions. It is also important 
to ask these patients whether they have a history chicken-
pox or if they have received the varicella zoster or herpes 
zoster vaccine. Prompt referral for medical treatment is 

Figure 4. 
Dermatome Chart Anterior View. Servier Medical Art. 

Dermatomes, Servier Medical Art licensed under CC by 
4.0. https://smart.servier.com/smart_image/dermatomes/
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crucial and can help prevent long-term sequelae such as 
post-herpetic neuralgia.

Summary
Neurological conditions pose a diagnostic challenge 
to the clinician managing musculoskeletal complaints. 
While conditions like lumbar radiculopathy are more 
prevalent, it is also important to consider rare neurologic-
al syndromes such as both meralgia paresthetica and her-
pes zoster.
	 Herpes zoster is a difficult diagnosis to make and is 
often made retrospectively only after lesions appear. It is 
the author's hope that this case study will heighten aware-
ness of herpes zoster as a viable differential for nerve-re-
lated complaints within the lower extremity.
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“The only constant is change” – Heraclitus, Greek 
Philosopher 
	 The objective of this article, Part 1 of a two part 
series, is to provide a narrative review of the evolution 
of teaching chiropractic manual skills by four tutors 
who taught in the technique trenches at the Canadian 
Memorial Chiropractic College collectively for 
120 years. Based on their collective memories, this 
narrative review describes the evolution of: central 
demonstrations; inconsistency between tutors with 
respect to demonstrating and grading chiropractic 
manual skills; determining course content; policy 
on students providing high velocity, low amplitude 
thrusts on each other during class time and testing; 
quantitative versus qualitative grading; remediation; 
acknowledgment of risk and; changes to technique class 
due to Covid. The results of a unique survey evaluating 
students’ perception of these changes is presented. The 
intent of this article is for faculty at other accredited 
educational programs to learn from our experiences and 

L’évolution de l’enseignement des compétences en 
chiropratique: la première partie - un examen narratif des 
leçons apprises au cours des 120 années collectives de 
quatre tuteurs dans les tranchées techniques au Canadian 
Memorial Chiropractic College 
La seule constante est le changement » - Héraclite, 
philosophe grec 
	 L’objectif de cet article, la première partie d’une 
série en deux parties, est de fournir une revue narrative 
de l’évolution de l’enseignement des compétences 
manuelles en chiropratique par quatre tuteurs qui ont 
enseigné dans les tranchées techniques au Canadian 
Memorial Chiropractic College, pendant 120 ans. En 
se fondant sur leurs souvenirs collectifs, cet examen 
narratif décrit l’évolution : des démonstrations 
centrales; de l’incohérence entre les tuteurs en 
ce qui concerne la démonstration et la notation 
des compétences manuelles chiropratiques; de la 
détermination du contenu du cours; de la politique sur 
les étudiants qui se poussent les uns les autres avec une 
grande vitesse et une faible amplitude pendant le temps 
de la classe et des tests; de la notation quantitative par 
rapport à la notation qualitative; de la remédiation; 
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potentially strengthen their pedagogical approach to 
teaching chiropractic manual skills. 
 
 
 
 
 
 
 
 
(JCCA. 2024;68(2):149-159) 
 
K E Y  W O R D S : chiropractic manual skills, teaching, 
technique, evaluation

de la reconnaissance du risque et; des changements 
apportés à la classe technique en raison de la COVID. 
Les résultats d’un sondage unique évaluant la perception 
des élèves à l’égard de ces changements sont présentés 
dans cet article. L’objectif de cet article est de permettre 
aux professeurs d’autres programmes d’enseignement 
accrédités d’apprendre de nos expériences et de 
renforcer leur approche pédagogique de l’enseignement 
des compétences manuelles en chiropratique. 
 
(JCCA. 2024; 68(2) : 149-159) 
 
M O T S  C L É S  : compétences manuelles en chiropratique, 
enseignement, technique, évaluation

Introduction
Although they began teaching during either the 1970s 
(Szaraz), 1980s (Kinsinger, Ross) or 1990s (Gleberzon) 
all four authors taught together at CMCC starting in 2004. 
Over the decades three of them (Szaraz, Ross, Gleber-
zon) were the chair of the technique department, and all 
four were course coordinators and taught in the technique 
trenches for over 25 years.

Methods
A narrative review of the challenges encountered and 
solutions implemented is chronicled by four technique 
instructors (tutors) during their time in the ‘technique 
trenches’ at the Canadian Memorial Chiropractic College 
(CMCC). This review is principally based on their re-
collections of events throughout the collective 120 years 
they were on faculty, using a qualitative research meth-
odology. Since no human subjects were involved in this 
review, ethics approval was not required.

Results 
Initial organization of technique classes
Prior to 1999, technique classes were held on the main 
floor of the campus on 1900 Bayview Ave in Toronto, 
Ontario, Canada. The larger of two rooms housed sev-
en of the 12 tutors and a separate room across the hall 
housed the other five. When the library was moved across 
the street into a separate building, technique classes were 

relocated to one large and two smaller rooms on the third 
floor overlooking the adjacent cemetery and accessible 
only by a single staircase (not counting the fire escape 
that led to the parking lot).
	 Although it was necessary in both cases to have small-
er rooms due to the large student population, the students 
and tutors in the smaller rooms were isolated from the 
main room. Despite the fact that the course coordinator 
described the tasks of the day to all the tutors, the separ-
ation resulted in two versions of the same daily lesson. 
Once the technique lab was relocated this was solved by 
having the demonstration in the main room sent to the 
smaller rooms by short circuit television
	 At the beginning of the academic year technique tutors 
were given attendance binders containing the names of 
the 16 students in their group, a course outline with lesson 
plans for each day (developed by the course coordinator) 
and shown the designated area in one of the technique 
rooms to which they were assigned. (Authors’ note: All 
technique tutors at CMCC were licensed chiropractors. 
Other chiropractic educational programs may refer to 
them as technique instructors. There were no student 
technique instructors).
	 On the first day of class the course coordinator would 
take center stage and welcome the class to the technique 
lab. Technique tutors were introduced, and a brief over-
view of the course was given. Students were asked to 
find their tutor and attendance was taken. In what would 
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years later be called an ‘icebreaker’, students were asked 
to introduce themselves and to share with the group the 
name of the university they attended and their area of 
study. Students were asked if they had ever been to a 
chiropractor before enrolling at the college (at that time 
all of them had) and what made them decide to apply to 
the program.
	 The next class the course coordinator would again take 
center stage and proceed to provide a central demo of 
the lesson plan for that day. All 160 students in the same 
academic year attended technique class at the same time. 
When the college relocated in 2004 to a larger, modern 
facility at 6100 Leslie Street (also in Toronto) this for-
mat continued, the only difference being there were now 
six technique rooms and enrolment increased from 160 to 
192 students, climbing to 200 over the next few years.
	 Central demos often took up the majority of class time, 
based on the premise that it would set the ‘gold standard’ 
of how each procedure ought to be performed. The stu-
dents mimicked what was being shown in the central 
demos; however, if tutors attempted to correct students as 
the central demo was occurring, it was distracting to the 
other students in the room. The other problem was that 
the central demos had to be delivered twice so that each 
student got a chance to be the doctor.
	 If there was time after the central demo, each tutor would 
provide a ‘mini central demo’, allowing their students to 
see each procedure more easily and to ask questions for 
clarification. Once completed, students used what little 
time remained to practice what they were shown, taking 
turns as one student assumed the role of ‘doctor’ and the 
other student assuming the role of ‘patient’. Tutors would 
coach the students, providing real-time feedback on their 
performance. Each class ran basically the same way, with 
some classes set aside for practice time without central 
demos. Students changed groups every three months from 
one tutor to another.
	 Unlike many other chiropractic educational programs 
that are divided into trimesters or quarters, CMCC is 
scheduled on a yearly basis (e.g. Year I, Year II), run-
ning from August to May. For many years, each of the 
three pre-clinical academic years was divided into four 
modules. Examinations of lecture-based courses were 
scheduled during each module. Technique exams were 
scheduled prior to the exam periods in each module. For 
technique exams, students were instructed to sign up for a 

15-minute time slot with a classmate and would be tested 
by the tutor they had been with for the previous several 
weeks. If the procedure to be tested was something sim-
ple such as identifying superficial spinal or postural land-
marks the tutor used a grading checklist. If the procedure 
to be tested was more complex, such as mobilizations 
or spinal manipulations, students were assessed using a 
more detailed grading checklist populated with a group 
of subskills commonly used at all chiropractic programs 
(Figure 1). This observation is based on the involvement 
some of the authors had with the Technique Consortium, a 
group of technique faculty representatives from American 
and Canadian chiropractic programs under the auspices 
of the Association of Chiropractic Colleges.1 Using this 
checklist, student performance was converted to a num-
erical grade, and a student had to achieve a passing grade 
of 60% to proceed to the next academic year. If a student 
received a failing grade – less than 60% - they were re-
quired to be re-tested by the next tutor until they received 
a passing grade.

•	 Indications/ contraindications
•	 Patient position
•	 Doctor position
•	 Contact Hand
•	 Stabilization Hand
•	 Line of Drive
•	 Joint Slack/ Pre-manipulative tension
•	 Thrust

Figure 1. 
Subskill rubric used to grade spinal manipulation c1994

Areas of concern
Over the years, the technique faculty in general, and the 
authors of this article in particular, identified three main 
areas of concerns during tutor meetings. These were: 
length of central demos; lack of consistency between 
tutors with respect to demonstrating each chiropractic 
manual skill and; lack of consistency between tutors dur-
ing testing.

Refining central demos
Although they filled an important pedagogical role, it was 
hard to argue that most central demos in courses that had 
practical labs (technique, orthopedics, clinical diagnosis, 
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anatomy) monopolized too much class time. Moreover, 
having to do central demonstrations twice meant that in-
dividual student/tutor interaction time was not being opti-
mized. The second issue was that when the central demos 
was over, tutors demonstrated their own version of the 
procedure. Of course, the tutor version was based on opti-
mizing their own anthropometrics (e.g. height, weight) 
and not necessarily those of the individual students in the 
group. Alternately the versions may have been based on 
injuries acquired by the tutor. Finally, because of these 
variations, tutor assessment of student performance was 
based partially on the tutor’s version of the procedure. 
Therefore, it was difficult for a student to know what was 
expected of them
	 This led Ross, the technique department chair at the 
time, to declare central demos would be eliminated. Un-
fortunately, this had the unforeseen consequence of mak-
ing the variability between tutor demonstrates worse. 
Each tutor conducting central demos of different content 
and different time lengths and demonstrating each pro-
cedure differently. Even though this is arguably the best 
way to teach technique since it reflects the variability of 
how each chiropractor provides manual care to patients 
in the real world, it seemed to us that some students were 
not ready to try to assimilate various versions of the same 
procedure and then determine what worked best for their 
own anthropometrics. A hybrid solution was needed.
	 Central demos would be reserved only for complex 
psychomotor skills, such as high velocity, low ampli-
tude spinal manipulative therapy (HVLA-SMT), defer-
ring simpler procedures to the tutors to demonstrate on 
their own and at their own pace. To further enhance the 
learning opportunity during central demos different tu-
tors would be invited to demonstrate how they performed 
each procedure, since the delivery of some procedures, 
most notably anterior thoracic and side-posture lum-
bopelvic manipulations (SPLM), varied significantly be-
tween tutors based on the anthropomorphic differences 
between the doctor and the patient. Moreover, some tu-
tors had accrued various injuries throughout their career 
providing patient care (e.g., shoulder problems, discop-
athies) and had to modify their delivery of this or that 
procedure, modifications deemed worthwhile to share 
with students. In order to minimize any confusion among 
students, very few variations were demonstrated in Years 
I and II, reserving the introduction of the majority of 

these variations to Year III, as students approached their 
internship.
	 During the summer months when classes were not in 
session, tutors were video recorded, demonstrating how 
they performed each procedure. When technique classes 
resumed, these recordings were televised to each room 
on a continuous loop, allowing students to observe them 
during class time after a central demo. Students were 
also able to access these videos on their own time. As 
the broadband of the college expanded, these video re-
cordings became the equivalent of a virtual library that 
students could access at home. Eventually these record-
ings were embedded into course outlines and linked to 
daily lesson plans and, years later, were used to create a 
technique manual in DVD format that showed stationary 
photos as well as the real time videos.

Lack of consistency between tutors during student 
assessment
As tutors assessed the performance of students, it was rec-
ognized that there were inconsistencies from one tutor to 
another. This problem was captured by Robert Coopers-
tein, Chair of Research and Technique at Palmer West 
Chiropractic College for over 30 years when he famously 
opined during a meeting of the Technique Consortium:

“I alone grade all the students in my technique 
class. This means it has 100% reliability… but 0% 
validity.” (Gleberzon, personal communication).

	 This lack of consistency of how each procedure was 
performed could lead, in turn, to different grading scores 
by each tutor, with some tutors developing a reputation as 
being overly lenient (the ‘doves’) and other being over-
ly harsh (the ‘hawks’). This problem was solved by two 
interwoven solutions: (1) Refining CMCC-centric tech-
nique manuals and (2) Grading by Panel.

Refining CMCC-centric technique manuals
Chiropractic has been described as a science, a philoso-
phy and an art, and the artistic element of the profession 
is nowhere more evident than how each practitioner ap-
proaches patient management, from care planning to the 
selection of the multitude of permitted treatment options 
to how each procedure ought to be optimally delivered. 
Although it is expected that no two tutors would deliv-
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er a complex procedure such as HVLA-SMT identically 
each tutor could not set their own expectations on how 
each procedure in the curriculum ought to be performed. 
The solution was to create and continually refine versions 
of technique manuals that described and illustrated how 
each procedure taught at CMCC should be performed, 
allowing for certain variations, thus creating a gold stan-
dard against which all students were judged.
	 The first CMCC technique manual demonstrating spin-
al adjustments offered in the program was authored by 
Szaraz2 in 1984 (Figure 2). Tilted ‘Compendium of Chiro-
practic Technique’ it incorporated soft tissue therapies, 
mobilizations and adjustive procedures of the cervical, 
thoracic and lumbopelvis, including the coccyx. Each 
procedure was described in terms of patient position, doc-
tor position, contact hand, stabilization hand, line of drive 
and type of thrust. Each procedure description was ac-
companied with photographs using live subjects. Around 
that time, Jamie Laws authored a manual for extremity 
procedures, which the authors believe may have been the 
first time these procedures were taught at CMCC. A few 
years later, Daniel Proctor and Greg Ruhr updated the ex-
tremity manual and Jane Mannington, who was the de-
partment chair for many years, updated the Szaraz Com-
pendium.

Figure 2. 
Compendium of Chiropractic Techniques2

As the curriculum changed a new, updated manual was 
needed. Over the summer of 2008, Gleberzon and Ross 
created an inventory of each technique procedure taught 
during the undergraduate program at CMCC. Similar to 
how Part IV of the National Board of the Chiropractic 
Examiners (NBCE) exam was created, they described 

each procedure in generic terms and, with input from 
the rest of the faculty, included as many variations as 
deemed appropriate. Due to technological limits, the first 
published manual only had photographs alongside each 
written description. In 2014, with changes in technology 
the aforementioned video library was added to an updated 
version of the Manual (Figure 3) included a DVD, and 
later a flash-drive, containing real-time videos of all mo-
bilizations and manipulation taught in the program.3

Figure 3. 
Manual of Diversified Diagnostic and Therapeutic 

Procedures (2014)3

Grading by panel
Over the years the faculty agreed there were two types of 
exam content: simple and complex. Examples of simple 
content would be spinal and postural landmarks, motion 
palpation and joint play analysis. Testing of those proced-
ures would continue to be conducted by a single tutor dur-
ing class time. However, for the more complex content of 
myofascial treatments, mobilizations and HVLA manipu-
lations of the spine and peripheral joints, a three-person 
panel would be used during designated examination per-
iods (Authors’ note: According to Kinsinger, a two-per-
son team was used to test students during high stakes 
exams in the mid-1980s but had been discontinued over 
time for unknown reasons (Kinsinger – personal com-
munication)).
	 During the higher stakes testing periods there were four 
testing stations in one room. Typically, one station exam-
ined cervical and thoracic procedures, one station exam-
ined lumbar and pelvic procedures, one station examined 
procedures directed to peripheral joints and one station 



154	 J Can Chiropr Assoc 2024; 68(2)

The evolution of teaching chiropractic skills: part 1 – a narrative review of lessons learned during the 120 collective years of four tutors

used the Force Sensing Table Technology (FSTT®) (dis-
cussed in Part 2 of this series of articles). All 12 tutors 
in each course were involved in testing and grouped into 
four groups of three.
	 During the testing cycle, a pair of students moved from 
station to station. A designated amount of time was set 
aside for completion of all tasks at each station (typically 
five minutes for both students). In an attempt to increase 
the fairness of grading at each station, course coordinators 
would mix the ‘hawk’ and ‘dove’ tutors together. It was 
hoped both the ‘hawks’ and the ‘doves’ would become 
more objective over time, lest they continue to be seen as 
outliers. Tutors were asked to grade each student independ-
ently and not consult with each other during testing. In this 
manner tutor a would not be influenced by the other two 
assessors opinions. The mark was then the summation of 
all three tutors assessment of student performance.

Determining course content
Course content of technique labs at CMCC was essen-
tially a chimera of historical elements, a reflection of the 
preferences of academic decision-makers at any given 
point in time and an homage to authoritative textbooks 
such as the ‘Technic Manual’ authored by Al States4 or, 
years later, textbooks by Bergman and Peterson5 or by 
Byfield6.
	 An iterative approach was also used, whereby ‘home-
grown’ procedures deemed clinically dubious were grad-
ually marginalized and procedures used by the majority 
of chiropractors were emphasized, based on the inventory 
of testable procedures from Part IV of the NBCE. The 
results of a series of surveys conducted by Gleberzon 
and Kent Stuber were also used.7,8 Those surveys asked 
CMCC graduates to indicate, based on a provided list of 
all diagnostic and therapeutic procedures taught in the 
undergraduate program, which they used and how often 
they used them.7,8

	 Content was scaffolded over the three undergraduate 
years, where simpler procedures (postural assessment, 
palpation, joint play analysis) were introduced at the be-
ginning of Year I and more complex procedures intro-
duced later in the program, as students accrued more 
psychomotor skill.
	 The 1990s witnessed the elevation of muscle-based 
therapies across the profession. While Nimmo technique 
and trigger point therapy were mainstays in clinical prac-

tice for decades myofascial-focused procedures such as 
Active Release Techniques ® and instrument-assist-
ed techniques such as Graston® became tremendous-
ly popular (see 9 for description of these technique sys-
tems). Since these specific techniques were not offered 
at CMCC students sought them out at weekend seminars 
at their own expense. In private practice, offering these 
techniques became de rigueur at athletic-focused or re-
habilitation-based clinics. CMCC included manual (my-
ofascial) and instrument-assisted (Graston) procedures in 
technique class starting in 2005, although the latter was 
terminated once the agreement with the organization do-
nating the Graston tools ended a decade later. After that, 
depending on the academic year, a few technique labs 
were set aside for instruction in instrument assisted soft 
tissue mobilization (IASTM), and IASTM was often 
taught in rehabilitation courses.

To thrust or not to thrust
In the early 1990s, it was CMCC technique policy that 
students were not allowed to deliver an HVLA thrust to 
other students during class time or during examinations 
until midway through Year II. This meant faculty were 
grading students on ‘mock’ thrusts absent the most im-
portant components of spinal manipulation: speed and 
force. By the late 1990s, however, it was agreed this ‘no-
thrust’ policy had to be lifted
	 At first, two prone thoracic manipulations (Cross- bi-
lateral and Carver manipulations) were introduced toward 
the end of Year I, and students were permitted to deliver a 
full thrust during both class time and testing. Each subse-
quent year more HVLA-SMT procedures were introduced 
earlier and earlier in the program. By the 2020s students 
were taught prone thoracic manipulations by week six of 
Year 1 and were introduced to over 10 different spinal 
manipulations that year, excluding cervical SMTs.

Toward qualitative evaluation methods
Question: What exactly does a 74% in technique class 
signify? Does it mean that 74% of the procedures were 
done correctly. Or does it mean that the student was 74% 
as good as the gold standard. But what is the gold stan-
dard? Is it a practicing chiropractor or is it an ideal Year 
I student?

Answer: The authors of this article do not know. There 
is no logical answer. Hence the students did not have a 
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requisite knowledge to know what was expected of them 
to be classified as competent. Ross was also troubled by 
the fact a student could demonstrate excellence in one pro-
cedure, perform poorly during another, and yet still pass 
the examination because the grades from both procedures 
were averaged together. In other words, even though a 
student had not demonstrated minimal competence in all 
procedures in the course outline they could still proceed 
to the next academic year.
	 Recognizing this conundrum, Ross conceived a quali-
tative grading rubric that required students demonstrate 
minimal competency in all tested procedures. Criteria 
in this rubric were converted to a numerical grade. The 
goal here was to make sure that the tutor graded based 
on whether or not they observed expected behaviors. The 
danger of the tutor assigning an actual number was that 
the doctor may have a number in mind and grade accord-
ing to that overall numerical assessment.
	 After its inaugural implementation, the conversion to 
a numerical grade was abandoned since it caused more 
problems than it solved and students’ performance was 
assessed only qualitatively. Students received either a 
pass or fail grade on their academic transcripts.
	 There were three qualitative categories used to score 
a student’s performance: No correction (NoC); Minimal 
Correction (MiC) and; Major Correction (MaC). As im-
plied, if a tutor assigned a grade of NoC to a demonstrat-
ed procedure it meant they perceived it was performed to 
a standard of minimal competence, and that all the sub-
skills of that demonstrated procedure were performed ad-
equately. A procedure assigned a MiC meant that the tutor 
perceived the procedure could be performed somewhat 
better, but any deficiencies observed were not significant 
enough to trigger the necessity of it being retested. Lastly, 
if a tutor assigned a MaC to a demonstrated procedure 
– or to a subskill of that procedure – it meant there was 
something significantly problematic with its delivery and 
that the student would be required to be retested.
	 To reinforce the MaC category a set of ‘fatal flaws’ 
were developed, flaws deemed so problematic that, if 
demonstrated during testing, they automatically required 
the procedure be retested (Figure 4). Additionally, if the 
tutor perceived the student acting as the doctor failed to 
maintain a professional boundary with the student act-
ing as the patient the tutor would immediately stop the 
student from continuing to perform the procedure. This 

presaged the ascension of competency-based evaluation 
methodology in education.

•	� No procedure demonstrated
•	 Incorrect procedure demonstrated
•	 Procedure may have no clinical effect
•	 Procedure may potentially injure the patient
•	 Procedure may potentially injure the doctor
•	� Doctor failed to maintain a professional boundary 

with the patient
Figure 4. 

Fatal flaws necessitating retesting

The ‘Two out of Three’ rule
Imagine a student who learns they must be retested be-
cause they were ascribed a MaC to a particular proced-
ure. Upon review of their test sheet, they learn that one 
tutor gave them a MaC in one subskill (e.g., line of drive) 
whereas another tutor gave them a MaC for another sub-
skill (e.g., spinal contact). Understandably, the student 
would be confused and frustrated, not knowing which 
subskill to focus on in order to pass the retest.
	 To address this dilemma, Gleberzon, who became 
department chair after Ross, enacted a failsafe process 
whereby a student only had to reperform a particular pro-
cedure if two out of three tutors not only ascribed a MaC 
to a particular procedure but they had to identify the same 
subskill of that procedure as a MaC.

Robust remediation
A new curricular design was implemented around 2003. 
Rather than be offered at different times throughout the 
academic year all courses offered in Year III were grouped 
into nine pain-based modules. In addition to other prob-
lems (e.g. a number of courses were not pain-focused), 
no specific plan was developed to remediate students 
who failed a module. Similar to chiropractic programs 
with quarters or trimesters, when a student failed a course 
within a module they were put on a ‘special schedule’ 
that allowed them to attend the classes of the next module 
while auditing and being retested in the course(s) in the 
previous module they failed. There was no set limit on the 
number of opportunities a student was given to pass a pre-
vious course in a module, ultimately becoming a burden 
on the faculty.
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	 To solve this problem in technique, Gleberzon de-
veloped a robust remediation system, adopting elements 
from his experience on the provincial regulatory body 
(the College of Chiropractors of Ontario (CCO)), which 
included a Specified Continuing Education or Remedi-
ation Plan (SCERP) (Figure 5).
	 During Step 1 of the remediation process, students were 
required to attend one hour of out-of-class technique class 
with a faculty member (most often with senior tutor Greg 
Ruhr) and one hour in the Force Sensing Table Technol-
ogy and Simulation Lab (FSTT®Sim Lab) (described in 
Part 2 of this series of articles). They were graded by a 
new group of three tutors and only had to perform the 
procedure(s) they were ascribed MaCs for, with one ex-
ception: If they received MaC for four or more procedures 
they had to repeat the entire test.

Eligible for Next Module 
Assessment OR Year of Study

Technique Assessment 
#2

Technique Assessment

SCERP 
Level 1

Technique Assessment 
#3

SUPPLEMENTAL EXAM

Self-
Remediate

SCERP 
Level 2

Figure 5. 
Technique remediation flow-chart

	 If two out of three tutors ascribed MaC to a student dur-
ing retesting they moved to Remedial Step 2, which was 
similar to Step 1 except they had to attend more practice 
time prior to being tested. The third evaluation was video 

recorded. If unsuccessful again students were eligible to 
be re-tested one more time before being assigned a fail-
ing grade and, barring successful appeal, had to repeat the 
academic year. This is why video recording the student’s 
performance was important - students facing repeating an 
academic year typically appealed the grade or pursued 
legal action, sometimes both.

To feedback or not to feedback
Initially, test feedback was given at the beginning of the 
next module, during which time the testing sheets were 
given to students for their review; however, the time be-
tween their performance and this feedback could be a few 
weeks. Understandably, by that time the student did not 
remember what they did during the performance assess-
ment and had to take the word of the assessors as an ac-
curate reflection of their performance.
	 The tutors experimented with giving students immedi-
ate feedback, during testing. Each of the three tutors 
would give contemporaneous feedback to students while 
they were at that station immediately after their perform-
ance, prior to moving to the next testing station. Well. 
This was of bereft of benefit to any party.
	 While the vast majority of students appreciated the im-
mediate feedback and accepted it as a learning experience 
whether it was positive or negative, receiving negative 
feedback evoked a strong emotional response from some 
of them. Some students were so distraught it effected their 
performance at subsequent stations. Clearly a new plan 
had to be conceived and implemented, one that main-
tained the elements of contemporaneous feedback while 
avoiding the potential of evoking negative reactions from 
students during testing.
	 A new feedback mechanism was implemented. Im-
mediately after they completed their entire technique as-
sessment, the course coordinator (who was not involved 
in testing) would meet with each student privately to re-
view their grading form with them. This allowed students 
to receive immediate feedback on their performance from 
the testing tutors and it allowed them to know whether or 
not they had to be retested on this or that procedure, or if 
they had to reperform the entire test, provided the proced-
ure in question met the ‘two out of three’ rule.

Assessing our new evaluation process
From the perspective of the faculty, the changes made 
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to course structure, evaluation and remediation was suc-
cessful; however we lacked any hard data to support the 
faculty’s perspectives. In order to do a deeper dive into 
students’ perception of the new testing process a unique 
11-item paper questionnaire was developed and distribut-
ed to students immediately after they received feedback 
from the course coordinator.10 The questionnaire used a 
five-point Likert scale anchored on the left with 1 (very 
unsatisfied) to 5 (very satisfied) on the right. We obtained 
ethics approval and ensured student responses were an-
onymous. The results of this survey were presented at 
DC17, a joint ACA-WFC-ACC conference held in Wash-
ington, DC.10

	 The response rate for Year II was 80% and for Year III 
was 100%. When asked, over 80% of both Year II and 
III students ‘Strongly Agree or Agreed’ that the new test-
ing format was ‘more fair’, and over 80% of Year II and 
two thirds of Year III students thought it better graded 
their skills. At least half of all students ‘Strongly Agreed/
Agreed’ the new testing format better identified poor per-
formers and their sub-skills that needed improvement, 
that it was more objective, and that it held students to a 
higher academic standard and would make them better 
chiropractors.10

	 In addition, roughly three-quarters of Year II and III 
students ‘Strongly Disagreed/Disagreed’ the new format 
was ‘too confusing’ or ‘too complicated’. More than half 
of students did not want to return to the previous assess-
ment format.10

Acknowledgement of risk
During a visit of the Technique Consortium to the chiro-
practic program at the University of Bridgeport in 1999, 
Gleberzon learned there was an administrative require-
ment to have students read and sign a consent form prior 
to embarking on technique classes, similar to the require-
ment to have a patient sign an informed consent form pri-
or to beginning care.
	 After clearing several legal and curricular hurdles, a 
similar requirement was passed by CMCC’s curriculum 
committee in 2018. Going forward, students were re-
quired to read and sign a broader “Acknowledgment of 
Risk” form during their first week of class, prior to be-
ginning any course with a practical lab that had a material 
risk of harm (e.g. technique, orthopedics, clinical diag-
nosis and anatomy). The form outlined all the potential 

injuries a student could experience during participation in 
any of these practical labs.

Technique class during Covid
It is certainly trite to say Covid changed everything. From 
how we work, play, learn, access services (especially 
healthcare) and goods of all kinds all underwent funda-
mental changes.
	 de Luca and her colleagues surveyed 16 separate fac-
ulty at 13 different chiropractic programs (including 
CMCC) to ascertain how they each managed the challen-
ges created by the pandemic.11 They identified five, inter-
connected themes: immediate response; move to online 
delivery; impact on learning and technology; additional 
challenges faced by educators and; ongoing challenges 
post lockdown.
	 CMCC was fortunate since it could leverage the aca-
demic calendar to its advantage when the pandemic start-
ed. The lockdown in Ontario began March 17, 2020. The 
March Break was scheduled to begin the next week and 
exams were scheduled two weeks after that. In the under-
graduate technique classes, three of the four scheduled 
formative practical exams had already been conducted, 
which was deemed sufficient to assign final grades to stu-
dents.
	 In-person written exams in courses without practical 
labs were conducted online. When classes resumed in 
April, lectures and facilitated small group tutorials were 
easily converted to virtual video platforms such as Zoom 
or Panopto, although this did require a steep learning 
curve by those faculty who were not especially tech-
savvy. But teaching hands-on psychomotor skills during 
Covid presented a challenge since it was not conducive to 
an online learning platform.
	 To continue instruction in technique a series of online 
tutorials facilitated by technique tutors were scheduled. 
Tutors led students through discussions of various topics 
germane to technique. Topics included: injuries to stu-
dents during technique class; valid methods to identify 
a clinical target; ability to specifically target a vertebral 
segment during HVLA-SMT and; clinical alternatives to 
HVLA-SMT (e.g. instrumented-assisted adjusting, pelvic 
blocking, flexion-distraction).
	 The return to in-person labs was a very complex, multi-
step process, since it required abiding by changing direc-
tives by the provincial Ministry of Education, the prov-
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incial Ministry of Health and requirements from CCO, 
since all faculty were licensed chiropractors. Class sizes 
had to be reduced from 36 student in a room to nine. This 
required hiring additional technique faculty and adding 
several teaching hours to the 2020-21 academic year cur-
riculum for Years II and III. Curricular planners also had 
to repurpose the gym and lecture rooms to accommodate 
the additional student groups necessitated by these chan-
ges. As the reader can no doubt imagine, this proved to be 
an enormous challenge to curricular planners tasked with 
scheduling so many technique classes to accommodate all 
these requirements.
	 In each group of nine, student pairs had to maintain so-
cial distancing of two meters from each other. Students 
and tutors had to wear Personal Protective Equipment 
(PPE) including gowns, masks, latex gloves and googles, 
as well as the liberal use of disinfectant. It took over a year 
before technique classes returned to a pre-Covid format.

Discussion
This study used a qualitative research design, a design 
being used more and more in research of all kinds, in-
cluding education of health professionals.12 Qualitative 
research can be essential to the development, testing and 
implementation of interventions and is integral to evi-
dence-based practice.13 Qualitative methods provide an 
important source of well-grounded and rich descriptions, 
providing meaningful explanations of processes and al-
low for an exploration of beliefs, values and motives that 
explain why behaviour occurs, as compared to quanti-
tative research that focuses on frequency, intensity and 
duration of behaviour.12,13 Castlebury and Nolen opined 
the primary aim of qualitative research is “to gain a bet-
ter understanding of phenomenon through experiences 
of those who have directly experienced the phenomenon, 
recognizing the value of participants’ unique viewpoints 
that can only be fully understood within the context of 
their experience and worldviews.”12p807-808. Overall, quali-
tative research allows for gaining perspective of issues by 
investigating them in their specific context and focusing 
on drawing meaning from the individuals who experi-
enced them.14

Limitations
This study has many limitations, chief among them is it 
relied on the collective memories of the four authors. It is 

possible the authors misremembered some of the circum-
stances surrounding certain topics explored in this article. 
Recall bias is also a possibility, since there is a tendency 
for individuals describing past events to deny less attract-
ive aspects of their behaviour.15 It is also possible certain 
milestones were not discussed because the authors did 
not consider them sufficiently relevant. In other words, a 
different group of authors may have prioritized different 
events in their narrative review.

Summary
Over our collective 120 years in the technique trenches, 
the authors of this paper had the honor and privilege of 
working alongside over 50 dedicated technique faculty. 
Together, they have educated a large majority of all Can-
adian chiropractors in practice. At the risk of being ob-
sequious, it safe to say the profession owes them all a 
great deal of gratitude.
	 It is our sincere hope faculty and curricular planners 
at other accredited chiropractic educational programs 
will learn from our experiences and potentially strength-
en their pedagogical approach to teaching chiropractic 
manual skills.
	 What will technique classes look like in the years to 
come? It is hard to predict. But one thing is for certain. 
To paraphrase Arthur C Clarke, the future will not only be 
different than we imagine, it will be different from what 
we can imagine.
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The objectives of this article, Part 2 of a two part 
series, are twofold: (i) To provide a narrative review 
of the research evidence authored by faculty of the 
Canadian Memorial Chiropractic College (CMCC) 
and; (ii) discussion of the impact this research evidence 
had on teaching chiropractic manual skills at CMCC 
and – theoretically - to the broader chiropractic 
educational community. Research evidence discussed 
are in the areas of: Experimental studies linked 
to biomechanics; Measuring Force – Integration 
of Force Sensing Table Technology (FSTT®) into 
technique labs; Characteristics of injuries sustained by 
chiropractic students during technique labs; Finding 

L’évolution de l’enseignement des compétences 
manuelles en chiropratique: la deuxième partie - examen 
narratif et une discussion de l’impact des données 
probantes de recherche rédigées par le corps professoral 
du Canadian Memorial Chiropractic College 
Les objectifs de cet article, la deuxième partie d’une 
série en deux parties, sont doubles : (i) fournir un 
examen narratif des données probantes de la recherche 
rédigées par le corps professoral du Canadian Memorial 
Chiropractic College (CMCC) et; (ii) discuter de 
l’impact de ces données probantes de la recherche 
sur l’enseignement des compétences manuelles en 
chiropratique au CMCC et - théoriquement - sur la 
communauté éducative en chiropratique plus large. Les 
preuves de recherche qui ont fait l’objet de discussions 
portent sur les domaines suivants : Les études 
expérimentales liées à la biomécanique; la mesure de 
la force - L’intégration de la Technologie de la table 
de détection de force (FSTT®) dans les laboratoires de 
techniques; les caractéristiques des blessures subies par 
les étudiants en chiropratique pendant les laboratoires 
de techniques; trouver la cible clinique pour 
l’intervention thérapeutique et; les recommandations 
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Introduction
Starting from the early 19th century, four factors influ-
enced the development of the chiropractic profession: the 
bonesetters of Europe (which gave chiropractic its meth-
od), magnetic healing (which gave chiropractic its origin-
al theory), popular health reform and orthodox science.1 
Starting in the late 1890s, these factors would influence 
the curriculum at the Palmer School of Chiropractic (PSC) 
and be further undergirded by the theories developed by 
its founder, Daniel David (DD) Palmer and later by his 
son Bartlett Joshua (BJ) Palmer who assumed ownership 
of PSC in 1906.2 Over the next 50 years, new theories, 
often based on research evidence, would emerge, lead-
ing to curricular changes not only at PSC but also at the 
myriad of other chiropractic educational programs that 
opened – some still in existence today - each with their 
own ideological view and distinctive cultural approach to 
chiropractic.3

	 Founded in 1945, the Canadian Memorial Chiroprac-
tic College (CMCC) has undergone several ideological 
and cultural changes, reflected in changes in its curricula 
over the decades.4 Starting in either the late 1970s or mid 
1980s, the authors of this study witnessed many curricular 
changes first-hand as students and later as CMCC tech-
nique faculty. During their collective 120 years as faculty 
in the ‘technique trenches’ at CMCC they and many other 
faculty members published research evidence that direct-
ly led to curricular changes as to how chiropractic manual 
skills were taught to students.

	 Part 1 of this two Part 2 series provided a narrative 
review of the evolution of teaching and evaluating chiro-
practic manual skills as chronicled by the same authors as 
this study.5 The objectives of this study - Part 2 of the two 
part series - are to: (i) provide a narrative review of the 
research evidence authored by faculty at CMCC germane 
to teaching and evaluating chiropractic manual skills and 
(ii) discuss the impact of this research evidence had, con-
tinues to have and may theoretically have on teaching 
manual chiropractic skills at CMCC and, theoretically, at 
the broader chiropractic educational community.
	 To achieve these objectives, topics discussed in this 
article are: Experimental Studies Linked to Biomech-
anics; Measuring Force – Integration of Force Sensing 
Table Technology® into technique labs; Characteristics 
of injuries sustained by chiropractic students during 
technique labs; Finding the Clinical Target – The Site of 
Care Study and; Recommendation Toward a Standardized 
Chiropractic Technique Curriculum.

Methods
For this narrative review, articles had to meet the follow-
ing inclusion criteria:

(i) Research evidence published by authors while 
faculty at CMCC; (ii) research evidence published 
in indexed, peer-reviewed journals or presented at 
national or international conferences and (iii) re-
search evidence that directly impacted teaching 
chiropractic manual skills at CMCC or that may 

the clinical target for therapeutic intervention and; 
Recommendations toward a model technique curriculum. 
The intent of this article is for faculty at current and 
future accredited educational programs to incorporate 
this research evidence into their technique curricula and 
to potentially strengthen the pedagogical approach used 
to teach chiropractic manual skills. 
 
(JCCA. 2024;68(2):160-171) 
 
K E Y  W O R D S : chiropractic manual skills, 
biomechanics, student injuries, site of care, Force 
Sensing Technique Tables ®

pour un programme de technique modèle. L’objectif 
de cet article est que les professeurs des programmes 
d’enseignement accrédités actuels et futurs intègrent ces 
données de recherche dans leurs programmes d’études 
techniques et renforcent potentiellement l’approche 
pédagogique utilisée pour enseigner les compétences 
manuelles en chiropratique. 
 
(JCCA. 2024; 68(2) : 160-171) 
 
M O T S  C L É S  : compétences manuelles en chiropratique, 
biomécanique, blessures des élèves, site de soins, la 
Technologie de la table de détection de force ®



162	 J Can Chiropr Assoc 2024; 68(2)

The evolution of teaching chiropractic manual skills: part 2 – a narrative review and discussion of the impact of research evidence

theoretically impact teaching chiropractic manual 
skills to the broader chiropractic educational com-
munity. Since no human subjects were involved in 
this review, ethics approval was not required.

Results
(i) Experimental studies linked to biomechanists
In the late 1990s Kim Ross, then chair of the technique 
department at CMCC and CMCC faculty member David 
Bereznick began a PhD program in biomechanics under 
the supervision of esteemed biomechanist Dr. Stuart 
McGill from the University of Waterloo. They sought 
to apply the laws of biomechanics to established chiro-
practic ideological hegemony, focusing on: the validity 
of motion palpation to identify dysfunctional vertebral 
segments requiring manual therapy; the necessity to opti-
mally apply manipulative forces in a particular direction 
(line of drive) based on the location of a targeted vertebral 
segment and; the ability of a practitioner to target a specif-
ic vertebral segment during high velocity, low amplitude 
spinal manipulative therapy (HVLA-SMT).

Facet asymmetry
There are many diagnostic procedures chiropractors use to 
select the clinical target (synonyms include subluxation, 
joint dysfunction, manipulable lesion and many others6) 
for clinical intervention. Among these methods motion 
palpation (MP) is one of the most commonly used. MP 
is predicated on the assumption that the bony architec-
ture on the left side of a joint is sufficiently symmetric 
to the right, such that the same force would be needed 
to move one segment relative to the other. If the exam-
iner perceived the forces needed were different to move 
a vertebral joint from one side to the other, they would 
conclude that segment required a manual procedure (e.g., 
mobilization or spinal manipulation) to re-establish opti-
mal joint motion.
	 It has been well established that motion palpation lacks 
reliability, calling into question it’s clinical usefulness.7 
What has been investigated to a much lesser degree is the 
validity of motion palpation with respect to identifying 
vertebra requiring manipulation to restore normal motion. 
The assumption is that any perceived restrictions in joint 
motion would be amenable to HVLA-SMT; however, 
if facets are indeed asymmetrical, then the anatomical 
asymmetry would contribute to apparent restrictions in 

motion during palpation, negating the need for therapeut-
ic intervention.
	 Furthermore, it had been well established that facet 
asymmetry at C1-C2 was the rule rather than the excep-
tion, but it was unknown if that asymmetry was sufficient 
to affect the forces needed to move one segment on the 
other. Ross, Bereznick and McGill theorized they would. 
To test this underlying theory, they examined six cadaver 
specimens to determine if the asymmetry would result in an 
asymmetry of forces required to move C1 laterally on C2.8
	 As they theorized, the facet with the steeper angle 
resisted lateral translation more so than a shallow angle. 
As an example, the right facet would resist the C1 from 
translating to the left if the angle was relatively steeper 
and the left facet would offer less resistance to right lat-
eral translation if the angle was relatively more shallow. 
Hence, they concluded, when a clinician is challenging 
vertebrae to the left and the right in vivo, any differences 
felt may in fact be due to different facet angles rather than 
the presence of a reversible fixation reducible through 
manipulation. Furthermore, the facet angles vary great-
ly from individual to individual.8 This meant a clinician 
could not know if resistance to MP is caused by anatomy 
or by joint fixation.

Line of drive
For many years it was traditional to instruct CMCC stu-
dents and, based on the authors’ experience with the 
Technique Consortium, students at other chiropractic pro-
grams5 to thrust along the joint planes (angulation) while 
performing prone thoracic HVLA-SMT. For the upper 
thoracic region students were instructed to thrust straight 
down (posterior to anterior) and for the lower thoracic re-
gion they were instructed to thrust headward at a 45º angle.
	 Using specialized equipment to test if this was the most 
effective way to adjust a person’s thoracic spine (‘most 
effective’ in terms of maximizing the force transmitted 
from the doctor to the patient) the researchers reported 
that the skin-fascia interface over the thoracic spine ex-
hibited negligible friction, meaning the only forces trans-
mitted to the targeted vertebrae are those applied perpen-
dicular to the surface.9 From a clinical perceptive, this 
meant it would be ineffective to thrust in any direction 
other than perpendicular to the surface. If a chiropractor 
thrusted cephalad as they had been taught to do, it mere-
ly tugged the skin which would, in turn, move the entire 
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body and give the illusion that forces had been translated 
to the patient. That being said, a slight cephalad force was 
required to remove the skin slack - otherwise it was diffi-
cult to maintain a static contact during the thrust because 
the doctor’s hand and patient’s skin could slide as a unit 
to the point where the doctor would no longer be over the 
intended target (Ross- personal communication).
	 A frictionless skin-fascia interface also meant that the 
ability to ‘hook’ a thoracic transverse or spinous process 
in the superior-inferior direction during HVLA-SMT 
may be greatly over-rated. In practical terms, this meant 
students ought to be instructed to only thrust perpen-
dicular to the surface during prone thoracic adjustments 
to optimally transmit the forces they generated.9 The re-
search emphasized that if the doctor thrusts perpendicu-
lar to the surface of the skin, the vertebrae would not 
travel cephalad, since it would follow the facet surfaces, 
not unlike a train on its tracks. (Ross – personal com-
munication)

Target specificity
A third study authored by Ross, Bereznick and McGill 
investigated the ability of doctors to specifically cavitate 
a contacted vertebral segment during thoracic HVLA-
SMT and during side posture lumbopelvic manipulation 
(SPLM).10

	 Sixty-four asymptomatic participants received HLVA-
SMT delivered by 28 different chiropractors (including 
many CMCC technique tutors). Based on data collected 
by accelerometers secured to the participant’s skin that 
calculated the distance between the source of vibration 
from the cavitation site to the target location, the research-
ers’ reported cavitation was at least one segment away 
from the target during thoracic HVLA-SMT or SPLM, 
with a range of 0 to 14cm. The site of cavitation during 
thoracic HVLA-SMT was also found to be distant from 
the point of contact with the doctor accurately hitting their 
target slightly more than half the time.10

	 How then to increase the likelihood of cavitating the tar-
geted joint? Simply put, the biomechanists recommended 
the more joints that cavitate the greater the probability 
that the targeted joint would cavitate as well.10 Looked 
at another way, if it is important to cavitate the targeted 
joint, the best strategy is to cavitate multiple joints since 
the targeted joint would cavitate by default.
	 It would appear that manipulating the targeted joint 

may not matter with respect to patient outcome. A sys-
tematic review by Sorensen et al.11 concluded: “Targeting 
a specific vertebral level when administering SMT for 
patients with nonspecific low back pain did not result in 
improved outcomes on pain intensity and patient-reported 
disability compared to a nontargeted approach.”11p39 The 
caveat to this conclusion is it is unknown that, even if a 
particular vertebra were targeted, it experienced the forces 
delivered. To do so, a study would require the technology 
developed by Gregory Cramer, Dean of the Department 
of Research at National University of Health Sciences to 
determine which joints gapped (discussed below).

Refractory period following cavitation
Bereznick, Ross and CMCC technique tutor Gary Pecora 
investigated other presumptions related to HVLA-SMT. 
They investigated the ‘20 minute refractory period cavi-
tation rule’, which stated a joint could only ‘re-cavitate’ 
after a 20 minute pause.12 Put succinctly, they discovered 
that the refractory period was quite variable but was sub-
ject specific.

Quantifying joint gap during SPLM
Using magnetic resonance imaging (MRI), Cramer, Ross 
and their colleagues sought to quantify the amount of 
joint gap during SPLM.13 They discovered that the joints 
on the upside were the ones that gapped the most and 
using accelerometer technology developed by Ross, they 
determined that these joints were the ones that cavitated.13

	 One may ask: Why all the focus on cavitation? In the 
authors’ experience, it is because technique tutors and stu-
dents alike consider cavitation to be the hallmark of ma-
nipulation success. This of course is a contentious issue. 
As mentioned above, a recent systematic review conclud-
ed that the audible pop (cavitation) does not appear to be 
related to successful manipulation if success is considered 
to be a reduction in pain.14

(ii) Measuring force – force sensing table technology®
Despite the best efforts of technique faculty, they are 
unable to accurately judge the force a student generated 
during HVLA-SMT by observation, a key subskill graded 
during technique testing.5 A method was therefore needed 
to (i) augment a students’ ability to consistently generate 
sufficient force for HVLA-SMT (ii) instruct students how 
to modify forces generated during HVLA-SMT as clinic-
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al circumstances dictated and (iii) provide a valid method 
for faculty to grade forces students generated during tech-
nique testing.
	 Various types of transducers, used to measure force, 
had been used in research studies for many years, and 
entrepreneurs had attempted to harness this technology 
for teaching purposes. One early entrée was the Dyna-
Adjust, a 12-inch cylindrical metal device containing 
instrumentation that could measure the users’ force and 
speed produced by OrthoNeuro Technologies.15 The data 
could be coded such that an individual user could access 
their performance.
	 Jay Triano, then Dean of Graduate Education and Re-
search at CMCC, Ross and CMCC technique tutor Brian 
Gleberzon (who became chair of the technique depart-
ment after Ross) were involved in research studies inves-
tigating the potential teaching benefits of using the Dyna-
Adjust in technique class, which also included creating 
a revised version of the CMCC technique manual (dis-
cussed in Part 15) using the device.
	 Unfortunately, the results from the in-class studies 
indicated students did not improve their manual skills 
using the device. A significant confounding factor was the 
way the study was designed since it used an early version 
of a force sensing table that compromised students’ ability 
to perform HVLA-SMT. As an example, students could 
not contact the patient’s upper torso during SPLM as is 
customary; instead, they had to contact a metal arm of 
the table. The data was also compromised if the student 
bumped into the table, requiring the student to step away 
from the table when performing HVLA-SMT.
	 According to the study protocols, students only used 
the device twice - once at baseline and once after several 
weeks of practicing; however, students did not practice 
using the force sensing table, meaning they were not able 
to become comfortable with the limitations in performing 
SMT required. The study’s results, along with concerns 
about the cost of the device and accompanying software, 
led to project being abandoned, at least at CMCC.
	 In 2009, the Higher Education Quality Council of On-
tario (HEQCO) issued a request for proposals that fo-
cused on innovative technology and its use in classroom 
setting.16 The goal was to provide academic institutions 
with an opportunity to evaluate the effectiveness of peda-
gogical approaches that aim to enhance the quality of 
student learning through the introduction and integration 

of new technologies. Through the auspices of the Know-
ledge Infrastructure Program (KIP) of Industry Canada, 
as overseen by the Ministry of Industry and in consulta-
tion with the Minister of State (Science and Technology), 
CMCC received a grand that established its simulation 
(‘sim’) laboratory. There were two components to the 
‘Sim lab’; one was the use of computerized and inter-
active mannequins that could be used in various real-life 
scenarios (i.e., patient emergencies such as heart attack or 
diabetic comas) and the other was the use of mannequins 
for Force Sensing Tables (FSTT®).16

	 Developed by Triano, FSTT® are standard chiroprac-
tic tables that are specially equipped with force plates 
that record force-time profiles which are projected onto 
a computerized screen immediately after the delivery of 
each procedure, providing objective and quantifiable real 
time feedback (Figure 1). Rather than thrust on the table or 
on each other, students perform HVLA-SMT on specially 
designed mannequins that are positioned on the FSTT®. 
Students received instructional training using the FSTT® 
during lab sessions outside of regular technique labora-
tory times. The intent of implementing FSTT® into the 
curriculum was to provide students with an opportunity to 
rehearse the application of manual skills on mannequins 
prior to (or in addition to) progressing to volunteer sub-
jects (i.e., other students), especially since there a number 
of studies that have demonstrated chiropractic student are 
commonly injured during undergraduate technique train-
ing, as discussed below.
	 With respect to quantitative outcomes, on average, the 
cohort of students using the FSTT® achieved statistically 
significant gains in force amplitude and speed by the end 
of a two-hour session. In addition, learners who did not ob-
tain notable changes during FSTT® labs were self-motiv-
ated to voluntarily participate in unscheduled lab sessions 
and, upon re-evaluation, were found to achieve gains in 
performance compared to their peers. Most importantly, 
these gains in performance were sustained through a sev-
en-month (for Year II students) and five-month (for Year 
III students) interval between FSTT® sessions, as deter-
mined by formative assessment.16 Lastly, FSTT® users 
were found, on average, to be able to achieve statistically 
significant modulations of forces on demand.16

	 With respect to qualitative outcomes, students’ ratings 
of their confidence and competence in performance in-
creased during the final year of training.16 A similar study 
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involving students in all three technique classes found 
they perceived themselves to be more competent to de-
liver the cross bilateral adjustment after FSTT® sessions, 
with more senior students reporting the highest level of 
self- perceived competence.17

	 A companion study sought to determine what method 
of teaching FSTT® would result in the most optimal class-
room experience for students.18 For this study, ‘structured 
FSTT®’ classes, during which students were assigned de-
signed times and tasks to use the FSTT® was compared 
to an ‘unstructured FSTT®’ class system, during which 
students could use the FSTT® at will. All students receiv-
ing ‘structured FSTT®’ training during technique labs 
perceived class time to be the most efficient. This effect 
was most pronounced among Year I students.18

	 A slew of studies has been published investigating the 
FSTT® on topics as diverse as clinical outcomes, edu-
cation, biomechanics and basic sciences.19 Examples in-
clude: the ability of first year CMCC students to retain the 
ability to modulate forces generated SMT using FSTT® 
after a 12 week detraining period20; the ability of experi-
enced clinicians to be taught to recalibrate the peak forces 
generated for children using mannequin simulators21 and; 
improved peak-force control demonstrated by students on 
mannequins following a one hour training session using 
FSTT®.22 Although beyond the scope of this study, the 
authors encourage academics, researchers and other sub-

ject matter experts undertake a narrative review of the re-
search evidence pertaining to FSTT® to share with the 
broader healthcare educational community.
	 Lastly, since the mid 2010s, CMCC has marketed 
FSTT® to other programs that teach psychomotor skills. 
To date, 21 educational programs have purchased FSTT® 
throughout North America as well as the United King-
dom, France and Australia.23

(iii)	�Characteristics of injuries sustained by chiropractic 
students during technique labs

It was widely acknowledged that students were injured 
during technique class. This was not surprising since nov-
ice students were repeatedly applying several hundred 
Newtons of force to essentially healthy (e.g., fully func-
tional) joints during technique labs. But the characteris-
tics of these injuries (e.g., frequency, location, duration, 
sequelae) were unknown.
	 To investigate whether students were injured during 
technique class and, if they were, what were the char-
acteristics of these injuries, Gleberzon spearheaded a 
cross-sectional retrospective cohort study that adminis-
tered a unique survey to undergraduate CMCC students 
during class time.24 The survey was unique in the sense 
that a review of the literature revealed this would be the 
first research project of its kind.24

	 The study was approved by CMCC’s Ethics Review 
Board. Students were assured their responses would be 
anonymous. In addition to gathering basic demograph-
ic data (age, gender) students were asked to indicate if 
they had been injured during technique class. If the an-
swer was ‘yes’, they were asked where they were injured 
(e.g., what region of their body), the symptoms they ex-
perienced (e.g., sharp pain, dull or achy pain, numbing, 
tingling), how severe it was (e.g., mild, moderate, severe), 
how long it lasted and what treatment, if any, they sought 
out. They were also asked to indicate which year of study 
they were in when they were injured.24

	 Overall, 55% of students reported being injured during 
technique class, the same frequency patients report be-
ing injured after their first chiropractic treatment.25,26 The 
majority of injuries (62.6%) were described as light to 
moderate in intensity, lasting less than 72 hours (66.5%). 
The most common anatomic location of injury was the 
low back (35.0%) followed by the cervical spine (27.5%). 
Most students (59.0%) reported being injured during their 

Figure 1. 
Force Sensing Table Technology ®
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second year of study – not surprising since that is when 
they were first introduced to cervical and lumbopelvic 
manipulation. 55% of student did not seek any care for 
the injury.24

	 Gleberzon approached colleagues at other chiropractic 
programs to administer the same survey to their students. 
His colleagues informed him they were not permitted to 
do so because administrators feared the potential political 
fallout if the results at their programs were the same as at 
CMCC. Even so, representatives at four chiropractic pro-
grams were willing to participate in the project. The data 
from those chiropractic programs were very similar to the 
data we collected at CMCC.27

	 Over the next few years, a number of other studies char-
acterizing student injuries at other chiropractic programs 
were conducted and published28-31 with results mirroring 
those from CMCC. Some of those studies addressed an 
oversight in our original study and asked respondents if 
they were the ‘doctor’ or the ‘patient’ when they were in-
jured. Most commonly the person injured was the ‘doc-
tor’, most commonly delivering a SPLM.

Finding the clinical target – the site of care study
In 2006 Triano and Brian Budgell, the Director of Life 
Sciences Laboratories at CMCC, were asked to lead a 
study that sought to assess the evidence investigating the 
validity of the various methods manual therapies such 
as chiropractors use to determine the clinical target for 
therapeutic intervention, such as HVLA-SMT.32 Research 
participants ranked the quality of evidence using the 
QUADAS (Quality Assessment of Diagnostic Accuracy 
Studies) checklist for validity and the QAREL (Quality 
Appraisal of Reliability Studies) checklist for reliabil-
ity, as appropriate. Once the data was extracted and syn-
thesized, the studies that met the inclusion criteria were 
evaluated in terms of their ‘strength of evidence’ and the 
degree to which the method under investigation was fa-
voured for clinical use.32

	 The researchers agreed the quality of evidence was 
high for pain provocation, postural asymmetry, range of 
motion, certain specialized tests, thermography of low-
er limbs in confirming frank sciatica and the recommen-
dation was favorable for all of them, meaning they was 
deemed a valid method of finding a clinical target.32

	 Conversely, many of procedures such as leg length 
analysis and manual muscle testing had mixed results, 

whereas x-ray line marking had a high level of evidence 
that concluded it was not a valid method to find a clinical 
target.32 As one might imagine, this did not go over well 
with a substantial segment of the profession, especially 
those who use Gonstead, Upper Cervical or Chiropractic 
Biophysics/ Clinical Biomechanics of Posture protocols.6

Recommendation toward a standardized 
chiropractic technique curriculum
Starting in 2014, Cooperstein, Christopher Good, Chris-
topher Roecker, Charles Blum – all technique faculty at 
American chiropractic programs - and Gleberzon con-
vened four facilitated workshops at ACC-RAC with 
the objective of developing a standardized chiropractic 
technique curriculum33 using a modified Nominal Group 
Technique protocol.34,35

	 Based on the best available evidence, including the 
‘site of care’ study32 they sought consensus opinion from 
workshop participants as to which diagnostic and thera-
peutic procedures ought to be included in a standardized 
chiropractic technique curriculum. Where evidence was 
lacking, participants agreed a procedure must have, at a 
minimum, face validity and biological plausibility for it 
to be included in a technique program.33

	 With respect to diagnostic procedures, workshop par-
ticipants reached consensus that chiropractic students 
should be taught to use postural assessment, gait analysis, 
palpation (static, motion and joint play analysis), global 
ranges of motion, and evidence-based orthopedic/neuro-
logical tests. No consensus could be reached with respect 
to the use of x-ray line marking (spinographs) for the pur-
pose of identifying a clinical target (especially serial or 
repeated x-rays), although there was agreement a baseline 
x-ray during patient intake was reasonable to screen for 
various pathologies.33

	 For therapeutic procedures, all participants agreed 
the following should be taught soft tissue therapy (both 
manual and instrument assisted); mobilizations and 
HVLA manipulation of the spine and peripheral joints; 
handheld instrument-assisted adjusting (i.e., Activator); 
pelvic blocking and; use of drop piece and flexion-dis-
traction tables.33

Discussion
The studies included in this narrative review have had 
either a direct or theoretical impact on teaching chiro-
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practic manual skills within CMCC and in the broader 
chiropractic educational community.

Curricular revisions at CMCC
Prior to 2000, courses that taught students ‘biomech-
anics’ principally focused on the functional anatomy of 
joints of the spine and peripheral joints. When Ross and 
Bereznick completed their PhDs and returned to the fac-
ulty at CMCC around 2000, these courses were revised 
to include instruction on what they characterized as ‘hard 
core biomechanics’, teaching concepts such as moment 
arms and resultant force vectors, concepts that had hither-
to never been taught. Over the years, instruction in these 
courses were transferred to then-CMCC faculty Steven 
Lester and, more recently, to CMCC faculty member 
Simon Wang.

The five principles of achieving cavitation
As is often the case in science, the findings from the re-
search evidence linked to biomechanists led to other dis-
coveries that culminated in the ‘five principles to success-
fully produce cavitation during SMT’, developed by Ross 
(Figure 2).

Principle 1. Shorten moment arm on doctor.
It was found that it was the magnitude of the moment ap-
plied to the patient, rather than the magnitude of the force, 
that resulted in cavitation (see text box below). Thus, stu-
dents were recommended to increase the moment arm on 
the patient to increase the moment. However, the moment 
arm on the doctor needed to be shortened to reduce the 
deleterious effects of the moment on the doctor’s shoul-
ders. Hence students were recommended to mimic a ‘T 
Rex’ posture when learning SPLM. A collateral benefit 
was, by keeping the arms as close to the body as possible, 
it was postulated the doctor was less likely to injury the 
shoulder of the thrusting arm.

Text box:
Moment of force is a measure of its tendency to cause a 
body to rotate about a specific point or axis.

Principle 2. Lengthen moment arms on patient
Using slow motion video-analysis of the tutors as they 
performed SPLM, it was discovered they all impacted the 
patient’s upside buttock or thigh with their own hip or 

1.	 �Shorten moment arms on doctor (T-Rex) – keep the body directly behind the contact hand/impact region of the 
doctor and keep the arms close to the body, like a T-Rex. This reduces the counter moment seen by the doctor’s 
joints. This in turn increases energy efficiency and protects the doctor.

2.	 �Lengthen moment arms on patient (Use thigh, knee) – utilize long moment arms of the patient when attempting 
to create a moment/torque. Impact the doctor’s body along the thigh/knee during side posture lumbar manipulation 
to produce the required moment, thereby decreasing the force needed (increasing patient comfort).

3.	 �Use momentum of doctor and patient (Drop, don’t stop) – when the doctor starts to move, momentum is built up. 
Transfer this momentum to the patient, to produce the required force. If the doctor hesitates during the maneuver, 
he/she loses their momentum.

4.	 �Use impact whenever possible (Drop and impact) – if the doctor’s body collides against the patient’s body, then 
maximum energy can be transferred. This produces the required force for the manipulation without relying on large 
amounts of muscle force. This in turn can reduce the doctor’s muscle fatigue and injury risk.

5.	 �Minimize energy leaks through doctors’ joints (Tighten core and say “BAM” or “POW”). As momentum is built 
up by the doctor and impact is made onto the patient, the momentum needs to be transferred. If the doctor does not 
contract their core and shoulder muscles, the built-up momentum will be transferred to the doctor’s upper body 
instead of the patient. Energy (momentum) is then not transferred to the patient and is essentially lost/leaked.

Figure 2. 
Five principles to successfully produce cavitation during SMT
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thigh. The impact is analogous to what happens when one 
billiard ball hits another billiard ball, where the impacted 
ball almost instantly accelerates to the velocity of the im-
pacting ball, in accordance with Newton’s First Law of 
Mechanics. Hence, it is easier to overcome the inertia of 
the patient’s body weight if the doctor generates momen-
tum and transferred it to the patient by impact, rather than 
the doctor essentially standing still and trying to deliver 
HVLA-SMT to the patient relying only on upper body 
strength. Ross and his colleagues investigated this prin-
ciple and concluded that force ought to be generated by 
the doctor impacting the patient rather than by using the 
doctor’s hand alone. They found that cavitation would not 
occur if more than 25% of force was solely generated by 
the doctor’s hand. Or, looked at another way, cavitation 
only occurred when less than 25% of force was delivered 
directly to the vertebra itself by hand. (Ross- personal 
communication)

Principle 3 - Use of momentum of doctor and 
Principle 4 - Patient and use of impact whenever 
possible
Another strategy to improve the likelihood of cavitation is 
to use momentum of the doctor/patient unit. To accomplish 
this, the doctor starts by initiating the movement of the pa-
tient, and then applies the actual thrust when joint slack 
has been reached. The thrust would primarily be generat-
ed by the aforementioned impact. It must be emphasized, 
however, that these two principles are neither necessary 
nor recommended in situations where the patient is much 
smaller (such as a child or infant) than the doctor.

Principle 5. Minimize energy leaks through doctors’ 
joints
In circumstances where impacting the patient during 
SPLM was deemed optimal, it is critical to ‘stiffen’ the 
trunk of the doctor so that the impact does not result in de-
formation of the doctor. This can be achieved by tighten-
ing the doctor’s core muscles. This stiffening removed 
what were termed ‘energy leaks’ – the loss of generated 
force or energy - allowing for the force generated by the 
doctor to be optimally transferred to the patient, increas-
ing the likelihood of cavitation.

Inclusion of Force Sensing Table Technology® into 
the undergraduate curriculum
Part 1 of this series described the evolution of teaching 
and testing manual skills at CMCC over the years.5 As the 
data emerged demonstrating students accrued technique 
skills faster with the use of the FSTT® than without it, 
and that these skills were retained even after a period of 
no instruction, the FSTT® was included during technique 
classes and during technique testing. Currently, students 
are provided 6 lab experiences that focus on prone thor-
acic, supine thoracic, side posture, cervical-thoracic, low-
er cervical and upper cervical procedures.36

	 Bearing in mind FSTT ® has now been included in 
21 other accredited chiropractic educational programs, it 
is reasonable to theorize its use has had a significantly 
positive impact on teaching technique at those programs 
as well.

Student injuries during technique class
Recognizing the frequency of injuries among students dur-
ing technique class, and based on the experience Gleber-
zon had while visiting another chiropractic programs as 
chronicled in Part 1 of this series5, CMCC student were 
required to read and sign an ‘acknowledgment of risk’ 
form prior to beginning technique classes in the under-
graduate program, starting in 2018. This form was quickly 
expanded to include other courses with instructional lab-
oratories that could potentially result in student injuries, 
namely orthopedics, clinical diagnosis and anatomy.
	 A study protocol for a randomised clinical trial (RCT) 
investigating if a strength and conditioning program can 
prevent the injuries chiropractic students commonly ex-
perience during technique training has recently been pub-
lished.37 At the time of this writing, no further information 
on the status of this RCT is available.

Diagnostic procedures
Since CMCC did not teach leg length checking, x-ray line 
marking to either identify subluxation or to calculate a 
uniquely appropriate line of drive to correct it, or proced-
ures favoured by specific chiropractic technique systems, 
the results of the site of care study pertaining to those 
diagnostic procedures were inapplicable.32 It is unknown 
if the site of care study had any impact on those chiro-
practic educational programs that do teach those diagnos-
tic procedures.
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	 Combing the results of the ‘facet asymmetry’8 and ‘site 
of care’32 studies CMCC students were taught that select-
ing a clinical target should not only rely on where the 
spine feels most restricted; rather, students should rely on 
both joint restrictions and pain on palpation (tenderness), 
especially bearing in mind the spine should not be overly 
tender.
	 Furthermore, If the site of contact of the doctor’s 
hand was too tender for the patient, students were 
instructed it was rational to move the contact to a less 
tender region because the vertebra under the contact 
was no more likely to cavitate than those somewhat re-
mote from the site. Finally, the students were taught to 
thrust perpendicular to the surface of the patient’s spine 
when appropriate.
	 The authors of this study observed these instructions 
often resulted in friction between some technique faculty. 
Based on their clinical experience, some technique fac-
ulty found the use of motion palpation in the absence of 
pain provocation to be a good indicator of where to direct 
therapy and taught students in their technique groups ac-
cordingly.

Therapeutic procedures
With respect to therapeutic procedures, CMCC had al-
ready included manual and, to a lesser extent, instrument-
ed soft tissue therapy in the core technique curriculum. 
Mobilizations as well as HVLA and drop piece manipu-
lations of the spine and peripheral joints have also been 
taught for many years. However, at the time of this writ-
ing (winter, 2024) CMCC does not teach instrumented 
adjusting, use of traction tables and provides no more 
than one or two lab session on the use of pelvic blocking, 
contrary to the ‘recommendation toward a standardized 
technique curriculum’ study.33

	 By way of contrast, the Australian Chiropractic Col-
lege, located in Adelaide, Australia, better aligns with 
the recommendations toward a standardized technique 
curriculum by including the following chiropractic tech-
nique systems6 in its core curriculum: Diversified, Gon-
stead (both of which use HVLA-SMT), Thompson Ter-
minal Point, Toggle Upper Cervical, Activator, Advanced 
Bio Structural Correction (ABCTM), and Sacro-Occipital 
Techniques (Chanelle Vaughan, Stream Coordinator – 
Technique: Personal communication).

Knowledge translation at the grassroot level
It is widely recognized there is a knowledge-to-action 
(KTA) gap between the time of publication of research 
evidence and its uptake and utilization by healthcare pro-
fessionals in clinical practice.38 Using various strategies, 
some success has been achieved with respect to closing 
the KTA gap pertaining to performing manual skills in 
Ontario, Canada. The research evidence from the bio-
mechanical8-10, student injury24,27 and site of care32 studies 
has been shared with chiropractors on a grassroots level 
in the form of presentations at professional conferen-
ces39,40, continuing educational programs41,42 and in-per-
son, hands-on technique workshops43,44.

Limitations
There are several limitations to this study. Similar to Part 
1 of this series,5 a different group of authors may have 
selected a different group of studies to review. Since only 
a brief synopsis of each study was provided in this nar-
rative review, some important details of each study may 
have been missed. With very few exceptions, the authors 
purposefully avoided discussing articles that were related 
to this topic but outside of this study’s inclusion criteria. 
We encourage interested parties undertake either a broad-
er narrative review or a systematic review to capture other 
studies germane to chiropractic manual skills.

Summary
This article provided a narrative review of the research 
evidence authored by faculty at CMCC as well as a dis-
cussion of the impact this research has had on teaching 
chiropractic manual skill within the college and, theor-
etically, to the broader chiropractic educational commun-
ity. It is the authors’ hope faculty and curricular planners 
at current and future accredited educational programs 
may potentially incorporate this research evidence to 
strengthen the pedagogical approach to how they teach 
chiropractic manual skills.
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Owing to similar clinical presentations, cervical 
spondylotic myelopathy can mimic other neurological 
disorders. In this imaging case review (ICR), we 
describe a case of cervical spondylotic myelopathy in 
a patient diagnosed with amyotrophic lateral sclerosis. 
The key clinical features, imaging findings and 
differential diagnoses of cervical spondylotic myelopathy 
compared with amyotrophic lateral sclerosis are also 
presented. 
 
 
 
 
(JCCA. 2024;68(2):172-176) 
 
K E Y  W O R D S : cervical spondylotic myelopathy; 
amyotrophic lateral sclerosis; differential diagnosis

Examen du cas par imagerie 
Une myélopathie spondylotique cervicale chez un patient 
de 68 ans atteint de sclérose latérale amyotrophique 
En raison de présentations cliniques similaires, la 
myélopathie spondylotique cervicale peut simuler 
d’autres troubles neurologiques. Une myélopathie 
spondylotique cervicale (MSC) chez un patient de 68 
ans atteint de sclérose latérale amyotrophique. Les 
principales caractéristiques cliniques, les résultats 
d’imagerie et les diagnostics différentiels de myélopathie 
spondylotique cervicale par rapport à la sclérose 
latérale amyotrophique sont également présentés. 
 
(JCCA. 2024; 68(2) : 172-176) 
 
M O T S  C L É S  : myélopathie spondylotique cervicale; 
sclérose latérale amyotrophique; diagnostic différentiel

Imaging Case Review
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Case presentation
A 68-year-old man presented to a chiropractic clinic 
with a two-year history of neck and bilateral shoulder 
pain, progressive full body weakness, clumsiness of the 
hands, difficulty with balance and walking, and a previ-
ous diagnosis of Parkinson’s disease which was refuted 
by a second neurologist who diagnosed amyotrophic lat-
eral sclerosis (ALS). On physical examination, the patient 
displayed signs of upper motor neuron lesions (spastic L4 
and S1 deep tendon reflexes), lower motor neuron lesions 
(bilateral C5, bilateral L1-2, and left L4 and S1 motor par-
esis), and dorsal column and spinocerebellar dysfunction 
(dysdiadochokinesia in the hands, vibratory sensory loss 
in the feet, and a wide-based gait), signs consistent with 
cervical myelopathy. Neck flexion also produced pain and 
parasthesiae down the patient’s spine into his upper ex-
tremities (i.e., L’Hermitte’s sign). Examination of all 12 
cranial nerves, including motor testing of the oculomotor, 
trochlear, abducens, facial and glossopharyngeal nerves, 
as well as manual muscle testing of the sternocleidomas-
toid and upper trapezius muscles, was normal, findings 
also consistent with a diagnosis of myelopathy.
	 Magnetic resonance imaging (MRI) of the brain and 
cervicothoracic spine was taken at a hospital 18 months 
earlier, after the patient had injured his neck falling back-
wards off a chair. Brain and brainstem images, including 
T2-weighted, proton density, and flair-weighted sequen-
ces, were unremarkable. Cervicothoracic T2-weighted 
images revealed multiple levels of compression fractures 
in the upper thoracic spine in addition to moderate ver-
tebral canal stenosis and effacement of the spinal cord 
at the C3-4 to C6-7 levels (Figures 1 and 2). These im-
aging findings together with the lack of clinical bulbar 
involvement supported the diagnosis of cervical spondy-
lotic myelopathy,1,2 along with possible primary or sec-
ondary spinal neoplasia or other pathologic process (e.g., 
osteoporosis). The key clinical features, imaging findings, 
and differential diagnoses for cervical spondylotic my-
elopathy versus ALS are presented and further discussed 
in Table 1.

Discussion
According to the revised El Escorial criteria2,3, the diag-
nosis of ALS requires evidence of progressive upper 
and lower motor neuron degeneration compatible with 
a neurodegenerative disorder that cannot be explained 

by any other disease process (evident on electrophysio-
logical, imaging, cerebrospinal fluid, or other serological 
studies)2. Investigation results alone, such as evidence of 
chronic denervation on electromyography, are not ad-
equate for achieving a diagnosis of ALS and must be in-
terpreted with consideration of the patient’s history and 
clinical findings.2 As such, the patient in our case was re-
ferred back to his primary care physician for reassessment 
and management of cervical spondylotic myelopathy in-
cluding a recommendation for neurosurgical consulta-
tion,1,4 as well as investigation to rule out primary neo-
plasia or spinal metastasis. The patient was subsequent-
ly referred by his primary care physician for laboratory 
testing (electrophoresis), but this was negative for plasma 
cell myeloma.
	 Four years later (or six years after his initial ALS diag-
nosis), the patient contracted severe pneumonia and died. 
In a follow-up telephone conversation between the chiro-
practor and the patient’s wife, it was revealed that the 
patient was never followed up by his primary care phys-
ician for myelopathy and consequently did not undergo 
spine surgical intervention. He continued to suffer from 
symptoms of myelopathy including ongoing neck pain 
and muscle weakness, particularly in the upper extrem-
ities, along with bowel and bladder dysfunction (i.e., 
sensory loss and incontinence), while his bulbar function 
(i.e., breathing, chewing, swallowing, eye movements, 
and speech) remained intact, further contradicting a de-
finitive diagnosis of ALS.1-3,5 Additionally, despite sev-
eral requests by the chiropractor, copies of the patient’s 
medical and imaging records could not be obtained from 
the primary care physician. Updated MR imaging of the 
cervicothoracic spine, if ordered, may have shown pro-
gressive deterioration. Other diagnostic methods for dif-
ferentiating cervical spondylotic myelopathy and ALS are 
emerging,6,7 but it is unclear if these were utilized in the 
current case. For example, levels of cerebrospinal fluid 
neuron-specific enolase have been shown to be elevated 
in patients with ALS and as a biomarker can distinguish 
ALS from cervical spondylotic myelopathy with high 
sensitivity (0.80) and specificity (0.87).7 However, it is 
unknown how the patient in the current case was diag-
nosed with ALS and whether additional neurological or 
other conditions (e.g., metastasis) were investigated.
	 Owing to similar clinical presentations, ALS-mimic 
syndromes such as cervical spondylotic myelopathy re-
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sult in diagnostic error in 5-10% of cases.2,8 Moreover, 
the diagnosis of cervical spondylotic myelopathy is often 
delayed9, up to an average of 6.3 years in some studies10, 
during which time patients’ clinical signs and symptoms 
typically deteriorate9,10. As such, clinicians should be 
aware that cervical spondylotic myelopathy can be con-
fused with, and possibly overlooked in, patients diag-
nosed with other neurological disorders including ALS. 
In our case, it remains possible that the patient had diag-
noses of both cervical spondylotic myelopathy and ALS. 
We refer readers to the papers by Wijesekera and Leigh2 

and McCormick et al.9 for additional information on the 
etiology, diagnosis, clinical management, and long-term 
prognosis of these conditions.

Key Messages
•	� Owing to similar clinical presentations, cervical 

spondylotic myelopathy can mimic ALS in some 
cases

•	� Treatable conditions including cervical spondylotic 
myelopathy should be excluded before ALS is diag-
nosed
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Figure 1. 
Right parasagittal (a) and mid-sagittal (b) T2-weighted MR images of the cervical spine without contrast. There is 

degenerative spondylosis characterized by disc space narrowing and disc contour abnormality. The findings result in 
moderate vertebral canal stenosis and effacement of the cervical cord at levels C3-4 to C6-7. The Torg-Pavlov ratio 
ranges between 0.4 to 0.5 at these levels (< 0.8 signifies canal stenosis9), further indicating the presence of cervical 
spinal stenosis. The C7 level is annotated to orient readers to the cervical and thoracic spinal levels. Incidentally 

noted, there is heterogenous increased signal intensity in the vertebral bodies of T2 to T5 and the T5 superior endplate, 
indicating normal marrow reconversion. Additionally, there are severe compression fractures consistent with marked 
compression injuries at levels T3 and T4 and wedge-shaped compression fractures of the T2 and T5 vertebral bodies.
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Figure 2. 
Axial T2-weighted MR images of the cervical spine without contrast at a) C3-4, b) C4-5, c) C5-6, and d) C6-7. At C3-
4, there is a narrow-based posterior central disc extrusion measuring 4.5mm x 3mm (asterisk) causing effacement of 

the spinal cord. At C4-5 there is disc-osteophyte complex formation with no spinal cord abnormality. At C5-6 and C6-7 
there is mild disc contour abnormality with disc-osteophyte complexes causing moderate vertebral canal stenosis and 
mild effacement of the spinal cord. Other findings include apophyseal hypertrophy and neuroforaminal encroachment 

demonstrated at all levels.
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Table 1. 
Key clinical features, imaging findings and differential diagnoses of cervical spondylotic myelopathy versus 

amyotrophic lateral sclerosis.

CERVICAL SPONDYLOTIC MYELOPATHY AMYOTROPHIC LATERAL SCLEROSIS
Key clinical features1

•	� Neck, subscapular, and/or shoulder pain
•	� Upper extremity numbness or parasthesia
•	� Lower extremity sensory (i.e., dorsal column) changes
•	� Upper or lower limb motor weakness
•	� Gait difficulties (“spastic gait”)
•	� Upper motor neuron findings (i.e., spasticity, 

hyperreflexia, clonus, Babinski and Hoffman signs, 
bowel and bladder dysfunction)

•	� Lower motor neuron findings (e.g., upper limb 
hyporeflexia and atrophy)

Key clinical features3 a

•	� Upper motor neuron signs in the brainstem, cervical, 
thoracic and/or lumbosacral regions (i.e., clonic deep 
tendon reflexes [e.g., exaggerated jaw jerk, gag or 
snout reflexes, Hoffman and/or Babinski responses], 
pseudo-bulbar features [e.g., dysarthria, dysphagia], 
forced yawning, spastic facial/upper/lower extremity 
muscle tone, loss of superficial abdominal reflexes, 
preserved reflexes in weak wasted limbs)

•	� Lower motor neuron signs in the brainstem, cervical, 
thoracic and/or lumbosacral regions (i.e., weakness, 
atrophy, and fasciculations in the jaw, face, palate, 
tongue, larynx, neck, arm/s, hand/s, diaphragm, back, 
abdomen, leg/s, foot/feet)

Imaging findings1,9

•	� Degenerative spondylosis, including disc space 
narrowing, disc contour abnormality, posterior disc-
osteophyte complex(es), uncinate and articular process 
hypertrophy

•	� Vertebral canal stenosis and spinal cord effacement
•	� Torg-Pavlov ratio < 0.8 or cervical spinal canal 

diameter < 12 mm on sagittal imaging
•	� Signal changes in the spinal cord on T2-weighted MR 

images at the level(s) of spinal cord compressionb

Imaging findings2,3

•	� Absence of significant abnormalities of the skull 
or bones of the spinal canal, brain or spinal cord 
(suggesting no intra- or extra-parenchymal processesc, 
or vascular malformations) on plain x-rays, MR 
imaging, computed tomography (with or without 
myelography) or spinal cord angiography that might 
explain clinical findings

•	� Hyperintensity in corticospinal tracts in the brain, 
brainstem and/or spinal cord on T2-weighted, proton 
density-weighted and FLAIR-weighted MR imaging

Differential diagnoses3,5

•	� ALS, extrinsic neoplasia (metastatic tumours), 
hereditary spastic paraplegia, intrinsic neoplasia 
(tumours of spinal cord parenchyma), multiple 
sclerosis, normal pressure hydrocephalus, spinal cord 
infarction, syringomyelia, and vitamin B12 deficiency 

Differential diagnoses2

•	� Cerebral lesions, skull base lesions, cervical 
spondylotic myelopathy, other cervical myelopathies 
(e.g., foramen magnum lesions, intrinsic and 
extrinsic tumours, syringomyelia), conus lesions and 
lumbosacral radiculopathy, inclusion body myositis, 
cramp/fasciculation/myokymia syndromes, multifocal 
motor neuropathy, Kennedy’s disease

ALS = amyotrophic lateral sclerosis; FLAIR = fluid attenuated inversion recovery; MR = magnetic resonance.
a	� A definitive clinical diagnosis of ALS requires the presence of both upper and lower motor neuron signs in the bulbar (i.e., 

brainstem/cranial motor neuron) region and at least two spinal (i.e., cervical, thoracic, or lumbosacral) regions, or the presence of 
upper and lower motor neuron signs in three spinal regions.3

b	� Signal changes are often but not always present in the cervical cord of patients with cervical spondylotic myelopathy.1

c	 Abnormalities confined to the corticospinal tract are consistent with ALS.
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Cam-type deformities of the proximal femur have long 
been associated with femoroacetabular impingement 
(FAI); an orthopedic condition recognized in the etiology 
of early osteoarthritis (OA) in the non-dysplastic 
adult hip. However, the optimal clinical management 
(including the long-term prognosis) of patients with 
cam-type deformities with or without FAI symptoms 
remains uncertain. In this imaging case review (ICR), we 
present the 10-year follow-up of a retired chiropractor 
with bilateral cam-type femoral deformities who initially 
underwent total right hip joint arthroplasty for advanced 
hip joint OA, and subsequently developed advanced hip 
joint OA on the contralateral side. 
 

Examen du cas par imagerie 
Dégénérescence controlatérale de l’articulation de la 
hanche associée à une déformation en came du fémur 
proximal chez un chiropraticien à la retraite: Suivi sur 10 
ans 
Les déformations de type came du fémur proximal ont 
longtemps été associées à un conflit fémoro-acétabulaire 
(CFA); une affection orthopédique reconnue dans 
l’étiologie de l’arthrose précoce de la hanche adulte non 
dysplasique. Cependant, la gestion clinique optimale 
(notamment le pronostic à long terme) des patients 
présentant des déformations de type came avec ou sans 
symptômes du syndrome du conflit fémoro-acétabulaire 
(CFA) avec ou sans facteur rhumatoïde reste incertaine. 
Dans cet examen de cas par imagerie (ECI), nous 
présentons le suivi sur 10 ans d’un chiropraticien à la 
retraite avec des déformations fémorales bilatérales de 
type came qui a initialement subi une arthroplastie totale 
de l’articulation de la hanche droite pour l’arthrose 
de l’articulation de la hanche avancée, et a développé 
par la suite une arthrose de l’articulation de la hanche 
avancée du côté controlatéral. 
 

Imaging Case Review
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Case presentation 
Initial presentation
A retired chiropractor (of 42 years) initially presented at 
age 67 with severe advanced osteoarthritis (OA) of the 
right hip joint associated with a cam-type deformity and 
femoroacetabular impingement (FAI) (Figure 1). The de-

tails of this case have been previously described.1 The 
patient underwent successful total right hip joint arthro-
plasty and was discharged from orthopedic surgical care 
following two months of recovery with no complications. 
At the time of initial presentation, the patient’s radio-
graphs exhibited a cam-type (or ‘pistol-grip’) deformity2 

Figure 1. 
The initial AP pelvis demonstrates a subtle prominence on the anterolateral surface of the femoral head/neck junction 
and decreased head-neck offset consistent with a pistol-grip deformity indicative of a cam-type morphology. The right 

femoral acetabular joint reveals a complete loss of joint space with associated subchondral sclerosis, subchondral 
cysts, osteophyte formation, and superolateral subluxation along with flattening/deformity of the femoral head 

indicating severe osteoarthritis. The left hip joint exhibits only minimal degenerative changes compared with the right, 
including mild joint space narrowing and subchondral sclerosis, with no femoral head deformity present.
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of the left proximal femur but only minimal degenerative 
changes involving the left hip joint (see Figure 1). More-
over, the patient’s left hip joint was asymptomatic.

10-year follow-up
Six years after undergoing total right hip joint arthro-
plasty, the patient began to develop insidious onset left 
hip joint pain. He described the symptoms as a constant 
stiffness in the gluteal region and lateral hip, which inten-
sified to a “hot, burning sensation” when provoked. The 
pain severity was graded as a 7-8 out of 10. An intermit-
tent, “twinging” pain would also radiate to the posterior 
aspect of his left knee. Prolonged standing or sitting (e.g., 
driving for 10-15 minutes), flexing at the hip (e.g., bend-
ing over), and left side-lying (i.e., prolonged left hip joint 
flexion and adduction) were provocative. Pedalling on 
an exercise bike for two to three minutes would alleviate 
the pain in the left hip joint and leg; however, cycling 
for more than 10-15 minutes (i.e., repeated hip flexion, 

adduction and internal rotation) would re-aggravate the 
symptoms. Right antalgic leaning while walking or sit-
ting was palliative. The patient also took over-the-counter 
naproxen or acetaminophen for pain relief, as needed. He 
did not pursue chiropractic or other conservative (e.g., 
physiotherapy) treatment.
	 The patient’s left hip pain progressively worsened over 
the next four years, resulting in severe limitations to his 
daily activities (e.g., walking, lifting, bending, driving, 
and sleeping). Radiographs were ordered by his family 
physician and revealed severe advanced OA of the left hip 
joint associated with a cam-type deformity of the proxim-
al femur (Figure 2). Of note, the patient had also partici-
pated in high-impact sports (e.g., competitive fast-pitch 
softball) throughout his childhood, adolescent and early 
adult years, possibly predisposing his femurs to devel-
oping cam-type morphologies. The key imaging features 
and etiologies of cam-type femoral deformities are listed 
in Table 1.

Figure 2. 
The AP pelvis (a) and left frog-leg view (b) at 10-year follow-up reveals a total hip arthroplasty of the right femoral 

acetabular joint with no evidence of hardware failure, loosening, or infection. Additionally, there is mild post-surgical 
heterotopic ossification, of no clinical significance. The left femoral head/neck junction reveals persistence of the 

subtle prominence on the anterolateral surface and decreased head-neck offset consistent with a pistol-grip deformity 
indicative of cam-type morphology. The left femoral acetabular joint also demonstrates severe joint space narrowing, 

subchondral sclerosis, subchondral cysts, osteophyte formation, and mild flattening and deformity of the femoral head, 
characteristic of severe osteoarthritis.
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Table 1. 
Key imaging features and etiologies of cam-type femoral 

deformities a

Key imaging features
•	� Osseous ‘bump’ formation at the anterolateral fem-

oral head-neck junction
•	� A pistol handle appearance to the femoral neck (i.e., 

‘pistol-grip’ deformity) characterized by a decreased 
or absent femoral head-neck offset

•	� Alpha angle > 55°
Proposed etiologies3,4

•	� Malunion of a femoral neck fracture
•	� Slipped capital femoral epiphysis
•	� Legg-Calvé-Perthes’ disease
•	� Genetic predisposition
•	� Repetitive, aggressive hip loading (e.g., high-impact 

sports b)
a	 Source: adapted and modified from Emary and Taylor.1

b	� The patient in our case had been a pitcher in competitive 
fast-pitch softball throughout his childhood, adolescent and 
early adult years.

Discussion
Cam-type deformities of the proximal femur have long 
been associated with FAI, an orthopedic condition rec-
ognized in the etiology of early OA in the non-dysplastic 
adult hip.2-4 Impingement between an abnormally shaped 
proximal femur (cam-type) or acetabulum (pincer-type), 
or both (i.e., ‘mixed’ FAI), results in repetitive micro-
trauma and early damage to the cartilage and labrum of 
the hip joint.3,4 Originally described in young adults by 
Ganz et al.2 in 2003, FAI has since been described in 
cases and observational studies involving middle aged 
and older adults.5-8 Regardless of age, the clinical manage-
ment (e.g., etiology, natural history, diagnostic accuracy, 
and efficacy of conservative versus arthroscopic or open 
surgical joint-preservation procedures) in patients with 
FAI remains uncertain.2,3,9 The association between cam-
type femoral deformities in patients with asymptomatic 
hip joints and the subsequent development of pain and/or 
OA is also controversial.10,11

Risk of contralateral hip joint degeneration
A 2022 cohort study of 150 patients (mean age = 30.5 
years; range, 13-58) with hip joint morphologies con-

sistent with FAI (i.e., cam or combined cam/pincer) 
treated with hip preservation surgery found that, after 10 
years, the contralateral hip had significant symptoms in 
52% of cases and 23% had progressed to surgery.6 One-
third (36/111) of patients without contralateral hip symp-
toms at initial presentation went on to develop signifi-
cant contralateral hip symptoms within five to 11 (mean 
= 7.1) years.6 A 2016 cohort study of 398 patients with a 
mean age of 54 ± 8 years who underwent total hip joint 
arthroplasty for unilateral hip OA found that 41% (95% 
CI, 35 to 47) developed contralateral hip symptoms and 
19% (95% CI, 15 to 25) required an arthroplasty on the 
contralateral hip by 10-year follow-up.7 The risk of de-
veloping OA in the contralateral hip was 86% higher 
(hazard ratio = 1.86; 95% CI, 1.23 to 2.79) among those 
with acetabular over-coverage combined with a reduced 
femoral head-to-neck ratio (i.e., radiographic findings 
consistent with ‘mixed’ cam/pincer FAI).7 A 2013 cohort 
study found that patients aged 45-65 years with moderate 
to severe cam-type deformities (i.e., alpha angle > 60° to 
83°) and early OA symptoms were between 3.7 and 9.7 
times more likely to develop end-stage hip joint OA by 
five years.8

	 In our case, the patient developed progressively 
worsening symptoms in his originally asymptomatic 
contralateral hip, with resultant end-stage OA at 10-year 
follow-up. It is possible that altered hip biomechanics 
and compensatory changes, particularly during the years 
leading up to his right hip joint arthroplasty, contributed 
to early contralateral hip joint degeneration and subse-
quent end-stage OA development.12 However, it is also 
possible that his hip joint OA was primary (idiopathic) in 
nature.11 At age 77, the patient underwent successful left 
hip joint arthroplasty and attained full recovery within 
six months. For more information on the pathophysiol-
ogy, diagnosis, treatment and prognosis of patients with 
cam-type deformities of the proximal femur with or 
without FAI symptoms, we refer readers to other publi-
cations.3-11

Acknowledgement
The author would like to thank Dr. Angelica J. Turner, 
DC for reviewing the radiographs, drafting the original 
version of the figure captions, and providing feedback on 
the manuscript for this imaging case review.



J Can Chiropr Assoc 2024; 68(2)	 181

Peter C. Emary

References
1.	� Emary PC, Taylor JA. Advanced hip joint degeneration 

associated with femoroacetabular impingement in a retired 
chiropractor. J Can Chiropr Assoc. 2016;60(3): 260-262.

2.	� Ganz R, Parvizi J, Beck M, et al. Femoroacetabular 
impingement: a cause for osteoarthritis of the hip. Clin 
Orthop Relat Res. 2003;(417): 112-120.

3.	� Khan M, Bedi A, Fu F, et al. New perspectives on 
femoroacetabular impingement syndrome. Nat Rev 
Rheumatol. 2016;12(5): 303-310.

4.	� Trigg SD, Schroeder JD, Hulsopple C. Femoroacetabular 
impingement syndrome. Curr Sports Med Rep. 
2020;19(9): 360-366.

5.	� Allen D, Beaulé PE, Ramadan O, Doucette S. Prevalence 
of associated deformities and hip pain in patients with 
cam-type femoroacetabular impingement. J Bone Joint 
Surg Br. 2009;91(5): 589-594.

6.	� Khan AZ, Abu-Amer W, Thapa S, et al. Factors associated 
with disease progression in the contralateral hip of patients 
with symptomatic femoroacetabular impingement: a 
minimum 5-year analysis. Am J Sports Med. 2022;50(12): 
3174-3183.

7.	� Amstutz HC, Le Duff MJ. The natural history of 
osteoarthritis: what happens to the other hip? Clin Orthop 
Relat Res. 2016;474(8): 1802-1809.

8.	� Agricola R, Heijboer MP, Bierma-Zeinstra SM, et al. Cam 
impingement causes osteoarthritis of the hip: a nationwide 
prospective cohort study (CHECK). Ann Rheum Dis. 
2013;72(6): 918-923.

9.	� Reiman MP, Goode AP, Cook CE, Hölmich P, Thorborg 
K. Diagnostic accuracy of clinical tests for the diagnosis 
of hip femoroacetabular impingement/labral tear: a 
systematic review with meta-analysis. Br J Sports Med. 
2015;49(12): 811.

10.	�Hartofilakidis G, Bardakos NV, Babis GC, Georgiades 
G. An examination of the association between different 
morphotypes of femoroacetabular impingement 
in asymptomatic subjects and the development of 
osteoarthritis of the hip. J Bone Joint Surg Br. 2011;93(5): 
580-586.

11.	�Nardo L, Parimi N, Liu F, et al; Osteoporotic Fractures 
in Men (MrOS) Research Group. Femoroacetabular 
impingement: prevalent and often asymptomatic in older 
men: the Osteoporotic Fractures in Men Study. Clin 
Orthop Relat Res. 2015;473(8): 2578-2586.

12.	�Watelain E, Dujardin F, Babier F, Dubois D, Allard P. 
Pelvic and lower limb compensatory actions of subjects 
in an early stage of hip osteoarthritis. Arch Phys Med 
Rehabil. 2001;82(12): 1705-1711.

Key Messages
•	� Current literature suggests that approximately half of patients with cam-type femoral deformities and FAI symptoms 

will go on to develop progression of OA and significant symptoms in the contralateral hip joint within approximately 
five to 10 years; however, less than one in four patients will require surgery

•	� Older adults with severe cam-type deformities may be predisposed to faster progression to end-stage OA 
•	� The most effective clinical management (including the long-term prognosis) of patients with cam-type deformities 

with or without FAI symptoms remains uncertain


