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Abstract 

The current evidence for the management of back pain points to a stepwise 

approach to care; beginning with non-pharmacological, non-surgical treatment, 

progressing to pharmacotherapy, with surgery as a last resort. The objective of the 

present study was to utilize the Canadian Spine Outcomes Research Network (CSORN) 

data registry for Manitobans receiving elective spine surgery to understand current 

clinical practice patterns. The first objective of the study was to determine the proportion 

of elective spine surgery patients who engage in non-pharmacological, non-surgical 

treatment prior to undergoing elective thoracolumbar spine surgery. The second objective 

of the study was to investigate potential predictors for non-pharmacological, non-surgical 

treatment engagement amongst CSORN patients eligible for thoracolumbar spine 

surgery.  

The current study utilized a retrospective cohort design among elective 

thoracolumbar spine surgery patients in Manitoba, Canada. Binary logistic regression was 

used to identify if: 1) patient characteristics (age, biological sex, body mass index [BMI], 

educational level); 2) pain and disability measures; 3) and frequency of prescription 

narcotic use predict engagement with non-pharmacological, non-surgical treatment prior 

to undergoing elective thoracolumbar spine surgery. The analysis revealed that 41.7% of 

CSORN patients from Manitoba reported minimal-to-no engagement with non-

pharmacological, non-surgical treatment in the six-months prior to undergoing elective 

thoracolumbar spine surgery. In addition, the final logistic model revealed four 

statistically significant predictors: 1) 61-90 years of age (odds ratio [OR] 4.6, 95% 

confidence interval [CI] 2.0 – 10.7, p = .000); 2) Oswestry disability index score > 60% 
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(OR 3.5, 95% CI 1.4 – 9.2, p = .010; 3) BMI score 25 – 29.9 (OR 6.7 , 95% CI 2.2 – 

20.9, p = .001) and BMI ≥ 30 (OR 4.2, 95% CI 1.4 – 12.2, p = .009); and 4) female 

biological sex (OR 2.4, 95% CI 1.0 – 5.6, p = .039) were significant independent 

predictors for minimal-to-no engagement with non-pharmacological, non-surgical 

treatment prior to undergoing elective thoracolumbar spine surgery.  

The study findings reveled that the stepwise approach to back pain management 

in Manitoba is not optimal with 41.7% of CSORN patients reporting minimal-to-no 

engagement with non-pharmacological, non-surgical treatment prior to elective 

thoracolumbar spine surgery. Secondly, concerted efforts are required to understand why 

biological females at birth, patients of older age, those that are overweight or obese, and 

perceive themselves as debilitated are less likely to engage in non-pharmacological, non-

surgical treatment prior to elective thoracolumbar spine surgery in Manitoba, Canada. 

Further refinement of the CSORN data collected is required to elucidate other potential 

predictors, patient preferences and expectations from treatment (surgical or non-surgical) 

to better understand Manitoba’s spine pain population.   
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Section 1: Introduction 

1.1 Overview 

Back pain is a very common health problem occurring across all age groups 

(Hartvigsen et al., 2018). From 1990 to 2015, years lived with (back) disability (YLD) 

increased by 54% worldwide (2015 YLD attributable to back pain approximately 60.1 

million years) (Hartvigsen et al., 2018). In 2015, the global point prevalence of low back 

pain was estimated to affect 7.3% of the worlds’ population, approximately 540 million 

people (Hartvigsen et al., 2018).  

The effective management of patients suffering with back pain depends on the 

appropriate access to evidence-based treatments. In an ideal scenario, patients would 

navigate the healthcare system with the guidance of their primary healthcare provider 

progressing through treatment options in a graded or stepwise fashion. Based on the 

evidence published by the American College of Physicians in the Annals in Internal 

Medicine progression through the healthcare system should begin with non-operative 

treatments such as heat, massage, spinal manipulation, and exercise, progressing to 

pharmacotherapy (Qaseem, Wilt, McLean, & Forciea, 2017), with surgery as a last resort 

treatment (Airaksinen et al., 2006; Porchet et al., 1999).  

Clinical practice guidelines (CPG) for the management of back pain from the 

American College of Physicians (ACP-CPG) (Qaseem et al., 2017), and Canadian 

Chiropractic Guideline Initiative (CCGI-CPG) (Bussières et al., 2018), supports that non-

pharmacological, non-surgical options should be the first line of treatment. If patients 

have exhausted first line treatment options and have demonstrated a poor response only 
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then should a surgical consultation take place (Airaksinen et al., 2006; Porchet et al., 

1999). Unfortunately, at present there are no standard definitions for what determines an 

adequate trial of non-pharmacological, non-surgical treatment in patients suffering with 

back pain.  

1.2 Purpose 

The purpose of this research was to analyze the current Canadian Spine Outcomes 

Research Network (CSORN) data on patients receiving elective spine surgeries in 

Manitoba, Canada to identify the proportion of elective spine surgery patients who 

engage in non-pharmacological, non-surgical treatment prior to undergoing elective 

thoracolumbar spine surgery. In addition, the study investigated: 1) patient characteristics 

(age, biological sex, body mass index [BMI], educational level); 2) pain and disability 

measures; and 3) frequency of prescription narcotic use as predictors for non-

pharmacological, non-surgical treatment engagement amongst CSORN patients eligible 

for thoracolumbar spine surgery in Manitoba, Canada.  
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Section 2: Literature Review 

2.1 Back Pain 

Back pain can be described as a group of symptoms, such as; tiredness, discomfort or 

pain in the back (with or without pain referral into the leg or legs) rather than a disease 

state (Hartvigsen et al., 2018; Hoy et al., 2012; Maher, Underwood, & Buchbinder, 

2017). It can have many causes, and in many instances a specific pain generating 

anatomic structure cannot be identified (Hartvigsen et al., 2018; Maher et al., 2017; 

Willems, 2013). When a specific nociceptive source or pathoanatomical cause cannot be 

identified the term used in the literature is non-specific back pain. Nearly all individuals 

with back pain are classified as non-specific back pain and further defined by region of 

the spine affected (Hartvigsen et al., 2018), as well as duration of symptoms. Non-

specific back pain maybe subcategorized as; acute, subacute, or chronic. Acute back pain 

is defined as symptoms lasting ≤ four weeks, pain lasting four to 12 weeks is termed 

subacute back pain, and pain for ≥ 12 weeks is categorized as chronic back pain (Qaseem 

et al., 2017).  

Pain beyond the spinal region 

Back pain may be accompanied by leg pain for a multitude of reasons. One of which 

may indicate a lumbosacral nerve root lesion. The associated leg symptoms may be due 

to somatic pain referral or a mass effect. Most commonly, the mass effect culprit is a 

herniated disc (Allen et al., 2009; Govind, 2004). When the accompanying lesion is 

significant it may present with neurological deficits, such as; altered reflexes, and a loss 

of sensory and/or motor function (Birkmeyer & Weinstein, 1999; Govind, 2004). Back 

pain with leg pain in the presence of neurological deficits is known as lumbar 
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radiculopathy. In the absence of neurological deficits, pain beyond the spine is termed 

radicular (Hartvigsen et al., 2018). These two terms are not mutually exclusive.   

Pathologies affecting the diameter in the spinal canal or intervertebral foramen can 

also cause compression of the thoracic or lumbosacral nerve roots to produce varying 

levels of back pain, with pain extending beyond the spine. The narrowing of the normal 

channels of the bony elements of the spine is termed stenosis and may be caused by; 

degenerative changes of the facet joints, intervertebral discs, and ligamentum flavum 

(Allen et al., 2009; Birkmeyer & Weinstein, 1999). The clinical presentation of those 

suffering with spinal stenosis is characterized by pain with walking, limitations in 

walking tolerance and symptom relief with spinal flexion (Hartvigsen et al., 2018). 

 In addition to degenerative changes, spinal stenosis can result from spinal instability 

due to trauma or pathological weakness of the bony elements. The ensuing instability can 

lead to slippage of a vertebral body relative to another (Allen et al., 2009). Depending on 

the underlying pathology the clinical diagnoses are termed traumatic or degenerative 

spondylolisthesis.  
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Table 1. Potential sources of spine pain.   

Structural Elements Biomechanics Neural Elements Chemical Irritants 

Zygapophyseal Joint 

Intervertebral Disc 

Spinal Ligaments 

Spinal stiffness 

- Spondylosis 

Hypermobility 

- Spondylisthesis 

Decreasing space 

- Central or Lateral 

stenosis 

Spinal nerve root 

Dorsal root ganglion 

Sinuvertebral nerve 

Dural sleeve 

Bradykinin 

Prostaglandin 

Phospholipase 

Histamine 

Adapted from Allen et al., 2009; Reid, Morr, & Kaiser, 2019; Sizer, Phelps, & Matthijs, 

2001; Wong et al., 2019.  

2.2 Diagnosis 

Although a specific cause of pain cannot be identified in the majority of chronic back 

pain cases a thorough evaluation from a healthcare provider is required as back pain is a 

symptom of many ominous diseases. According to a published study in 2001, patients 

suffering with back pain in Saskatchewan, Canada commonly seek care from a medical 

doctor (31.6%), a chiropractor (28.8%), or both (7.9%) (Côté, Cassidy, & Carroll, 2001). 

Patients suffering with back pain consider chiropractors as primary healthcare providers 

and typically will wait a few weeks before requesting a referral to a physiotherapist 

(Chou et al., 2018).  

The clinical encounter involves an in-depth history and physical examination. The 

healthcare provider may choose to evaluate spinal range of motion, special orthopaedic 

tests in search for a specific pain generating structure, and a comprehensive neurological 
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assessment including deep tendon reflexes, dermatome and myotome testing. The aim of 

the evaluation is to identify cases in which pain is not of spinal origin, i.e., aortic 

aneurysm, infection, or is a result of trauma, malignancy or medical emergency (cauda 

equine syndrome) (Maher et al., 2017; Vaccaro et al., 2006). 

Although popular in routine practice, diagnostic investigations should be reserved for 

cases where the clinician suspects the findings of the investigative study will alter the 

course of treatment (Maher et al., 2017). Abnormalities observed on image findings 

cannot predict with certainty the presence or intensity of back pain (Berg et al., 2013; 

Endean, Palmer, & Coggon, 2011; Tonosu et al., 2017), or if imaging results in improved 

management (Martin et al., 2008; Stochkendahl et al., 2018). As such, clinicians are 

encouraged to practice caution when deciding if imaging is required in cases of chronic 

back pain (Hartvigsen et al., 2018). 

2.3 Prognosis 

The common view amongst healthcare providers is that patients with acute back pain 

will experience pain resolution. This view is consistent with the findings from the ACP-

CPG published by the American College of Physicians in the Annals of Internal 

Medicine. The researchers stated that patients experiencing acute back pain can expect to 

see improvement of symptoms in the first month (Qaseem et al., 2017). However, 

according to a recent meta-analysis by Maher, Underwood, & Buchbinder (2017) this 

viewpoint may be too optimistic. In their report, they highlight a study of 1,334 patients 

presenting to primary care clinics with acute low back pain in Sydney, Australia where 

patients reported a range of 24% to 33% recurrence rates at one-year follow-up (Stanton 

et al., 2008). The findings of Stanton et al. (2008) coincide with the current understanding 
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that many patients suffering with back pain are likely to suffer a recurrence as it is now 

understood to be a long-lasting condition with a variable course (Foster et al., 2018; 

Hartvigsen et al., 2018; Maher et al., 2017).  

In 2013 and 2014 the North American Spine Society (NASS) produced two systemic 

reviews and their own CPGs on degenerative spinal stenosis and lumbar disc herniation 

with radiculopathy, respectively (Kreiner et al., 2014, 2013). The reviewing committee 

was comprised of multidisciplinary spine care specialists trained in the principles of 

evidence-based analysis. In cases of back pain due to either lumbar disc herniation with 

radiculopathy or degenerative spinal stenosis there was insufficient evidence to make 

definitive statements on natural history and prognosis. However, the spine care specialists 

were able to make a consensus statement, which required 80% of the experts agreeing to 

the following. Patients suffering from lumbar disc herniation with radiculopathy can 

expect a favorable outcome irrespective of treatment selection as most will demonstrate a 

regression of the herniated disc material (Kreiner et al., 2014). According to the panel of 

spine care specialists the natural history for degenerative spinal stenosis is favorable in 

that approximately 33-50% of patients with mild to moderate symptoms can expect a 

favorable outcome (Kreiner et al., 2013). 

2.4 The burden of back pain  

Back pain is a leading cause of disability worldwide (Abajobir et al., 2017; 

Hartvigsen et al., 2018), with 70-85% of the population experiencing back pain at some 

point in their lifetime (Andersson, 1999). Numerous studies have documented the 

negative impact of back pain on society (Andersson, 1999; Andronis et al., 2017; 

Borczuk, 2013; Qaseem et al., 2017). The prevalence of back pain increases with age 
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(Jeffries, Milanese, & Grimmer-Somers, 2007) rising to nearly 40% from childhood to 

adolescence (≤ 18 years old) (Calvo-Muñoz, Gómez-Conesa, & Sánchez-Meca, 2013); 

and peaks between 40-69 years of age where it has a greater negative impact on activity 

tolerance (Hoy et al., 2012). Disability due to back pain is the highest amongst the 

working ages (Hartvigsen et al., 2018).  

In 2012, the Lancet published a manuscript analyzing data of non-fatal health 

conditions in an effort to quantify their impact in terms of YLD (Vos et al., 2012). Years 

lived in less than ideal health is the definition of YLD  (Vos et al., 2012). The group 

discovered that mental and behavioral disorders were the leading cause of global YLDs. 

Musculoskeletal conditions were the second leading cause of disability worldwide, with 

low back pain being the principal contributing factor (Vos et al., 2012).  

Back pain has become one of the most common reasons to visit a healthcare 

practitioner (Andersson, 1999; R. A. Deyo, Von Korff, & Duhrkoop, 2015). From 

October 2007 to October 2008 a random digit dialing telephone survey was conducted in 

six separate Canadian regions to estimate the prevalence of chronic pain. The results of 

the study revealed that 35.5% of Canadians suffered with low back pain, with an 

additional 15.4% suffering with upper back pain. Consequently, 50.9% of Canadians 

suffering with chronic pain reported experiencing back pain (Schopflocher, Taenzer, & 

Jovey, 2011).   

In the U.S. the total costs attributable to back pain in 2006 was estimated at $100 

billion dollars (Katz, 2006). In 2010, the estimated cost of back pain rose to $234 billion 

dollars, which accounted for direct (healthcare) and indirect (loss of productivity) costs 

(Goertz et al., 2018).  In Canada, back pain has been previously estimated to cost six to 
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12 billion dollars per year (Bussières et al., 2018; Church et al., 2004). Healthcare costs 

are estimated to consume approximately one third of provincial budgets, and due to the 

high prevalence of back pain much of this cost can be attributed to the management of 

patients suffering with back-related symptoms (McIntosh, Hall, & Melles, 1998). On 

average patients experiencing spine pain, such as neck and back pain experience higher 

health care costs (Martin et al., 2008). The estimated increased health care expenditure 

attributable to the presence of spine pain is approximately 73% (Martin et al., 2008) and 

has been primarily attributed to improper management (Deyo, Mirza, Turner, & Martin, 

2009). 

2.5 History of Mechanotherapy: Spinal Manipulation and Exercise 

The use of physical means such as exercise, manipulation and massage has been 

utilized in the treatment of musculoskeletal dysfunctions dating as far back in medical 

history to the time of Hippocrates (Livingston, 1981; Pettman, 2007). More recently this 

multimodal approach has been termed manual therapy (Pettman, 2007), or 

mechanotherapy in the late 19th century (Terlouw, 2007). 

Spinal Manipulation 

Spinal manipulation has been used in various localities throughout the worlds’ history 

to treat a multitude of conditions (Livingston, 1981; Pettman, 2007; Terlouw, 2007). In 

1976, British physician James Cyriax included a depiction of spinal manipulation found 

in a Buddhist temple in his orthopaedic textbook that was presumed to be over 2,000 

years old (as cited by Livingston, 1981).  However, the earliest recorded evidence for the 

practice of spinal manipulation in medicine is accredited to Hippocrates (Pettman, 2007).  



 

 10 

In his texts, Hippocrates describes the use of traction, gravity, and direct spinal 

pressure to treat spinal dysfunctions (Livingston, 1981; Pettman, 2007). The procedure 

described by Hippocrates set the stage for manipulative therapy moving forward.  

While manipulation has been touted as a treatment for a vast array of conditions, 

spinal manipulation is most notably associated with the treatment of musculoskeletal 

dysfunctions (Hood, 1871; Livingston, 1981; Pettman, 2007).  Spinal manipulation was 

practiced by physicians until the 18th century (Pettman, 2007). This period of time was 

marked by poor health with many suffering from tuberculosis, which can weaken the 

spine (Pettman, 2007).  

In the 19th century, manipulation was again growing favour due to patients reporting 

success following a failed course of conventional medical management (Hood, 1871). 

These accounts garnered the attention of prominent physicians Sir James Paget and 

Wharton Hood, as well Andrew Taylor Still and Daniel David Palmer, the fathers of 

osteopathy and chiropractic respectively (Hood, 1871; Pettman, 2007). Manipulative 

therapy continues to be practiced around the world by a variety of trained and untrained 

practitioners.     

Exercise 

Like spinal manipulation, exercise in medicine can be traced back to Hippocrates. 

Following manipulative therapy Hippocrates instructed patients to participate in exercise 

(Pettman, 2007), as he felt exercise was a crucial component to overall health (Berryman, 

2010).  Following the time of Hippocrates another Greek physician, Claudius Galen, is 

also given credit for emphasizing the importance of exercise for achieving overall health.  

The role of exercise for maintaining health is well documented in the medical literature 
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and at times has been referred to as “medical gymnastics” (Berryman, 2010) or as a 

component of “physical medicine”, which includes manipulation, massage, and exercise 

amongst other various modalities (Terlouw, 2007).   

Much like spinal manipulation, exercise prescription for improving health is practiced 

by a variety of professions and does not belong to a single professional group. Prior to the 

1900s, physicians often educated patients on the preservation of health rather than cure of 

disease (Berryman, 2010). In the early 1900s armed with the new knowledge from 

bacteriology the medical profession shifted their focus to fighting infectious diseases. 

Overtime, physicians began to overlook the importance of health preservation and 

exercise (Berryman, 2010).  

In 2007 the American College of Sports Medicine (ACSM) coined the term “Exercise 

Is Medicine” (Tipton, 2014). This phrase would become monumental in realigning the 

importance of exercise in medicine that was set forth by Hippocrates. The aim of the 

ACSM was to promote exercise as part of a healthy lifestyle and recommended adults to 

participate in 150 minutes of moderate exercise each week.  

2.6 Management of Back Pain 

Clinical Practice Guideline Based Care 

Back pain is a non-homogenous condition, and many anatomical elements have the 

potential to produce back-related symptoms (Hartvigsen et al., 2018; Maher et al., 2017; 

Sizer et al., 2001). This has led to a plethora of treatment options with varying accounts 

of effectiveness. As a result of the increasing number of non-surgical treatment options 

for back-related symptoms, professional associations worldwide have developed CPGs. 

Non-surgical back pain management CPGs aim to improve patient outcomes by 
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systematically synthesizing the best available evidence by content experts and producing 

evidence-based treatment recommendations.  

A widely accepted CPG from the American College of Physicians was published by 

the Annals of Internal Medicine in 2017 that made simple recommendations on treatment 

options. The group of researchers recommended non-pharmacological, non-surgical 

options be the first line treatment approach for those suffering with acute or sub-acute 

back pain (Qaseem et al., 2017). This approach included: heat, massage, spinal 

manipulation, or acupuncture. For those seeking adjunctive pain relief a trial of non-

steroid anti-inflammatories (NSAIDs) is a reasonable option. Patients suffering with 

chronic back pain were also encouraged to undergo a similar trial of non-

pharmacological, non-surgical management, with the addition of exercise, stress 

reduction, or cognitive behavioral therapy.  

The recommendations put forth by Qaseem et al. (2017), ACP-CPGs, are in 

concordance with other international CPGs for the management of back-related 

symptoms (Bernstein, Malik, Carville, & Ward, 2017; Bussières et al., 2018; Globe et al., 

2016; Stochkendahl et al., 2018; J. J. Wong et al., 2017). According to the ACP-CPGs 

and the Lancet series on low back pain, in cases of acute back pain exercise therapy is of 

limited use (Foster et al., 2018; Qaseem et al., 2017). However, in cases of non-specific 

chronic low back pain exercise appears to provide clinical benefit.  

In 2010 a randomized controlled trial that included 136 patients with chronic low 

back pain were divided into three groups: a) supervised Nordic walking; b) one-hour 

training in Nordic walking with the advice to continue; or c) advice to remain active. 

Following the eight week trial period all three groups demonstrated similar improvement 
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in pain, disability, and patient specific function (Hartvigsen, Morsø, Bendix, & 

Manniche, 2010). Similar results were found by a group of researchers in Brazil who 

were investigating the impact of supervised and unsupervised exercise programs for 

chronic low back pain. Following the 12 week study, the results revealed that both groups 

demonstrated a decrease in pain and improved functional capacity (Piccoli et al., 2019). 

There was no statistically significant difference between the two groups. The current 

evidence supports that supervised and non-supervised exercise provide similar benefit for 

patients experiencing back pain symptoms.  

A systematic review in 2017 identified the importance of stabilization exercises in 

patients with chronic low back pain. The review included 11 studies to analyze the effect 

of stabilization exercise compared to general exercise or manual therapy. Based on their 

analysis the researchers concluded that while stabilization exercises may have greater 

improvements in pain reduction and disability scores, there was no significant difference 

compared to participants in the manual therapy group (joint mobilization or 

manipulation) (Gomes-Neto et al., 2017). The CCGI-CPGs developed by Bussières et al. 

(2018), are congruent with Gomes-Neto et al. (2017) findings and advocate for the 

combination of spinal manipulation with stabilization exercises, in conjunction with 

education and advice for patients suffering with chronic back pain with associated leg 

pain.   

The studies on the role of exercise by Hartvigsen et al. (2010), Piccoli et al. (2019), 

and Gomes-Neto et al. (2017) reflect the current CPG recommendation for chronic cases 

of back pain (Bernstein et al., 2017; Bussières et al., 2018; Foster et al., 2018; Qaseem et 

al., 2017; Stochkendahl et al., 2018). The additive effects of combining non-surgical 
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treatment options to optimize back pain management is becoming prevalent (Bishop, 

Quon, Fisher, & Dvorak, 2010; Childs, Flynn, & Fritz, 2006; Goertz et al., 2013, 2018; 

Stephens & Gross, 2007).  

In 2013, Goertz et al. (2013) demonstrated the synergistic effect of standard medical 

care with chiropractic manipulative therapy for acute low back pain. Following the four-

week randomized controlled trial the researchers discovered that patients belonging to 

standard medical care, plus chiropractic manipulative therapy, demonstrated significant 

improvements in mean numeric pain rating scores (NRS) and mean back pain functional 

scores, compared to standard medical care alone. Similar results were previously 

documented by a group of Canadian clinician-scientists in Vancouver, British Columbia 

following a hospital-based randomized clinical trial. Their study identified that 25% of 

spine care providers (family physicians, massage therapists, kinesiologists, and/or 

physiotherapists) recommended advice that was incongruent with CPGs, such as bed rest 

(Bishop et al., 2010).  

Other studies have investigated the combined effects of physical therapy with spinal 

manipulation showing favorable results (Childs et al., 2006; Stephens & Gross, 2007). In 

2018, the Journal of the American Medical Association found that the combination of 

medical care, with chiropractic manipulative therapy produced improvements not only in 

pain but also in disability rating measures in American military service members (Goertz 

et al., 2018).  

In 2017, a group of researchers composed of two multidisciplinary working groups 

published the Danish National Guidelines for non-surgical management of patients with 

acute low back pain or lumbar radiculopathy (Stochkendahl et al., 2018). Based on their 
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analysis of the existing evidence the authors recommended against the use of acupuncture 

and NSAIDs. However, a systematic review published in the European Journal of Pain 

states that NSAIDs may be considered as a treatment option for cases of low back pain 

(Wong et al., 2017). The findings of Wong et al. (2017) for the consideration of NSAIDs 

in the management of low back pain is additionally supported by the National Institute 

for Health and Care Excellence (NICE) and the 2017 ACP-CPGs published in the Annals 

of Internal Medicine (Bernstein et al., 2017; Qaseem et al., 2017). The current evidence 

appears to support the consideration of NSAIDs as a viable treatment approach when 

combined with exercise and manual therapy as long as careful considerations have been 

made regarding age, gastrointestinal, liver, and cardio-renal toxicity (Bernstein et al., 

2017). 

The benefit from modalities, such as acupuncture, low-level laser therapy, 

transcutaneous electrical nerve stimulation (TENS) or interferential current (IFC) is 

variable in the current literature. As such, the use of modalities should be evaluated in 

each individual case and should be utilized as an adjunctive treatment (Foster et al., 2018; 

Qaseem et al., 2017; Stochkendahl et al., 2018). A summary of recommendations from 

recent CPGs on back pain is provided in Table 2. 

While CPGs provide direction and suggest evidence-based treatments, clinical 

practice presents many barriers to monitoring ideal CPG-based care for back pain. The 

CPGs represent an ideal clinical encounter, complete with a thorough history, physical 

examination and an evidence-based plan of management. Fortunately, CPGs from North 

America (ACP-CPG and CCGI-CPG) are congruent in their recommendation of a 

multimodal approach that involves: advice to remain active, patient education, exercise 
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advice in chronic cases, and spinal manipulation or mobilization (Bussières et al., 2018; 

Qaseem et al., 2017). Currently, the evidence supports that this type of care is delivered 

by both chiropractors and physiotherapists.  Both healthcare providers are known to 

utilize spinal manipulation or spinal mobilization when clinically indicated, while 

providing advice to exercise (Bishop et al., 2010; Childs et al., 2006; Chou et al., 2018; 

LeFebvre, Peterson, & Haas, 2013), in addition to patient advice and education as part of 

a routine clinical encounter (Chou et al., 2018). 

A drawback of the ACP-CPG and the CCGI-CPG is the lack of guidance 

provided to clinicians regarding the potential number of visits for a typical trial of care. 

However, a study on spinal manipulation dose response for patients suffering from 

chronic low back pain from 2014 provides support that for optimal benefit a course of 

care may range from 12 to 18 sessions of spinal manipulation (Haas, Vavrek, Peterson, 

Polissar, & Neradilek, 2014). The researchers concluded that an average of 12 visits 

produced benefit, while 18 spinal manipulation sessions produced the greatest benefit 

between the control group (light massage) (Haas, Vavrek, Peterson, Polissar, & 

Neradilek, 2014). Recently, a local community health centre in Winnipeg, Manitoba was 

the setting for a study that investigated the effects of chiropractic management for 

patients suffering with back pain (Passmore, Toth, Kanovsky, & Olin, 2015). Patients 

belonging to the Mount Carmel Clinic (MCC) were provided free access to chiropractic 

care when clinically indicated. The large majority of patients under chiropractic 

management at MCC were referred to the chiropractor by their family physician 

(Passmore et al., 2015). Following the study, Passmore et al. (2015) discovered that on 

average patients reported experiencing clinical benefit by the twelfth visit with the MCC 
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chiropractor. In a follow up study investigating young people (10-24 years of age) and 

spine pain at the MCC, researchers discovered that young people reported experiencing 

benefit with chiropractic management by the eighth visit (Manansala, Passmore, 

Pohlman, Toth, & Olin, 2019).  

Although no specific frequency or time frame is provided by ACP-CPG or CCGI-

CPG, it is reasonable and logical that a trial of care would be greater than 2 treatment 

sessions with either a chiropractor or physiotherapist. Evidence supports that patient 

reported subjective improvement following the fourth clinical encounter has been shown 

to be a positive predictor with back pain treatment (Eklund et al., 2018; Leboeuf-Yde et 

al., 2004), with current evidence supporting that treatment benefit typically occurs 

between four and 18 visits (Childs et al., 2004; Eklund et al., 2018; Haas et al., 2014; 

Manansala et al., 2019; Paskowski, Schneider, Stevans, Ventura, & Justice, 2011; 

Passmore et al., 2015). According to a rigorous systematic review the number of spinal 

manipulation sessions can range from four to 24 visits over four to 12 weeks (Skelly AC 

et al., 2020). 
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Table 2. Back Pain CPG Summaries. 

 Advice Education Heat STT SMT Exercise Acu NSAIDs Opioids Surgery 

Bussières et al., 

2018 (CAN) 

ü ü  Helpful -

chronic 

ü Helpful 

-chronic 

  Cautioned  

Wong et al., 2017 

(CAN) 

ü ü   ü Helpful 

-chronic 

 ü Cautioned  

Qaseem et 

al.,2017 (USA) 

ü ü ü ü ü Helpful 

-chronic 

 
ü 

† Cautioned  

Foster et al., 2018 

(UK, USA, CAN, 

AUS, NLD) 

ü ü  † † Helpful 

-chronic 

† † Cautioned t 

Bernstein et al., 

2017 (UK) 

ü ü  † † †  † Cautioned  

Stochkendahl et 

al., 2018 (DNK) 

ü ü   ü ü 

 
† † † tt 

 

 

STT: soft-tissue therapy/massage; Advice: advice to remain active; SMT: spinal manipulative therapy; Acu: acupuncture; NSAIDs: 

non-steroidal anti-inflammatory drugs. CAN: Canada; USA: United States of America; UK: United Kingdom; AUS: Australia; NLD: 

Netherlands; DNK: Denmark. ü: Recommended; †: Adjunct recommendation; t: Considered when non-surgical treatments are 

unsuccessful; tt: Considered after 12 weeks – if no response to conservative therapy. 
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Treatment beyond manual therapy  

Pharmacotherapy 

Canada has the second highest rate of opioid prescription in the world per capita 

(Busse et al., 2017). As a reflection of this trend the Canadian guideline for opioid 

therapy for chronic non-cancer pain was developed to help clinicians in their decision-

making process. The Canadian guidelines recommend the “optimization of non-opioid 

therapy and non-pharmacological therapy rather than initiating treatment with a trial of 

opioids, for patients with chronic non-cancer pain” (Busse et al., 2017).  

In 2011, a systematic review published in Spine offered specific recommendations for 

opioids and chronic low back pain. The review offered three clinical recommendations 

regarding commonly prescribed medications. The use of antidepressants for the treatment 

of chronic low back pain was discouraged and opioid prescription was heavily cautioned 

(White, Arnold, Norvell, Ecker, & Fehlings, 2011). The authors cited the increased risk 

of side effects when compared to NSAIDs as their reason for not routinely 

recommending opioid therapy for cases of chronic low back pain. In addition, NSAID 

therapy displayed similar benefit with regards to pain and disability when compared with 

opioid prescription.     

Further investigation reveals that the use of opioids for back pain is variable in the 

literature (Wong et al., 2017), while the Danish National Guidelines take a firm stance 

and recommend against their use (Stochkendahl et al., 2018). The NICE guidelines are 

not as definitive and state that opioids may be considered if a patient demonstrates 

insufficient response to NSAIDs or if they are not tolerated well by the patient (Bernstein 

et al., 2017). Qaseem et al. (2017) adds that opioid therapy should only be considered if 
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the patient has failed to respond to non-pharmacological, non-surgical options and if 

patient benefits outweigh the risks.  

Spine Surgery 

Historically, the literature for spine surgery has been comprised of: level three (case-

control studies, retrospective design), and level four (case series) evidence (Table 3) 

(Allen et al., 2009). The American Academy of Orthopaedic Surgeons has developed 

CPGs for some common procedures, such as but not limited to, the treatment of carpal 

tunnel syndrome and osteoarthritis of the knee (A. S. Shah, Waters, & Bozic, 2015). In 

cases of spinal injury the decision to perform surgery lies solely on the surgeon as there is 

currently no CPG to help guide the decision making process (Porchet et al., 1999; 

Vaccaro et al., 2006).  
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Table 3. Level of Evidence for Therapeutic and Prognostic Studies.  

Evidence Level Therapeutic Studies: Evaluating the Results of a Treatment 

1 I. Randomized Controlled Trial (RCT) 

o Significant difference demonstrated 

o No significant difference, but narrow confidence 

intervals  

II. Systematic Review of level 1 RCTs 

o Homogenous studies  

2 I. Prospective cohort study 

o Control group compared to intervention group 

II. Low quality RCT 

o Less than 80% follow up 

III. Systematic Review of level 1-2 studies  

o Or non-homogenous level 1 studies  

3 I. Case-control study 

II. Retrospective cohort study 

III. Systematic review of level 3 studies  

4 Case series 

o No control group or historical control group 

5 Expert opinion 

Adapted from Allen et al. (2009).  

In cases of traumatic spinal injuries, such as; burst fractures where the vertebral body 

is severely damaged, or when ligamentous instability is present; the clinical algorithm is 
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clear and surgeon readiness to operate is forthright (Vaccaro et al., 2006). Despite the 

clear necessity to perform spinal surgery the surgeon must determine the best suitable 

approach to operate based on his or her training and experience. The decision to proceed 

with spinal surgery is also clear in the presence of cauda equina compression (Porchet et 

al., 1999), as cauda equina syndrome is considered a medical emergency requiring 

immediate surgical intervention (Hogan, Kuris, Durand, Eltorai, & Daniels, 2019; Maher 

et al., 2017).    

Surgical considerations for non-traumatic, non-emergent back pain are more difficult 

and little research is available to help guide the decision-making process. In the absence 

of high quality studies investigating the efficacy of spine surgery for non-traumatic, non-

emergent back pain expert opinion is commonly used as an indication and justification 

(Porchet et al., 1999; Vaccaro et al., 2006), which is considered level five evidence. 

Consequently this can lead to inconsistent surgical decision-making and may help explain 

the variability seen in spine surgeries (Birkmeyer & Weinstein, 1999).  

The multidisciplinary spine care specialists group established by NASS in 2013 and 

2014 provide some evidence-based clinical suggestions for the role of spine surgery in 

non-traumatic, non-emergent spinal injuries (Kreiner et al., 2014, 2013). Given that the 

natural history for mild-to-moderate lumbar spinal stenosis is favorable in 33% to 50% of 

patients, consideration for decompressive surgery should be reserved for patients 

experiencing moderate to severe symptoms of lumbar spinal stenosis (Kreiner et al., 

2013). According to the multidisciplinary spine care specialists group established by 

NASS in 2014 and Porchet et al. (1999) clinicians can consider an operative approach in 

lumbar disc herniation scenarios in the presence of: a positive straight leg raise test 



 

 23 

(neurological tension test), major weakness, with corresponding supportive investigative 

imaging, and to avoid surgery in the presence of psychological distress, such as 

depression (Kreiner et al., 2014). Additionally, Porchet et al. (1999) suggests that an 

operative treatment approach is contraindicated if a trial of non-operative, conservative 

treatment is absent from the patient history.         

Spinal fusion surgery rates have steadily increased since the 1980s (Weinstein, Lurie, 

Olson, Bronner, & Fisher, 2006), while rates of decompression surgeries have decreased 

(Deyo et al., 2010). This is of major public health concern as fusion surgery is more 

invasive and is associated with increased health care use and elevated risk of 

complication (Deyo et al., 2010). According to the European guidelines for the 

management of chronic non-specific low back pain, surgery should not be recommended 

unless the patient has undergone a two-year trial of conservative therapy or the patient 

does not have access to the CPG-based care (Airaksinen et al., 2006). Furthermore, the 

authors recommend exercising caution in selecting spine surgery candidates to those who 

are likely to benefit from surgical intervention. Despite the aforementioned European 

guidelines, a survey of Dutch spine surgeons (n=62) in 2013 revealed that 63% of those 

surveyed felt that less than one-year of failed conservative therapy was enough to 

consider spine surgery (Willems, 2013). Others have suggested that a patient may be 

considered for spine surgery if a combination of the following four parameters are met: 1) 

a trial of conservative treatment consisting of four to six weeks for a herniated disc, or 

eight to 12 week trial for spinal stenosis, have failed to produce relief, 2) leg pain is 

worse than or equal to back pain, 3) straight leg raise is positive 4) with a corresponding 

lesion observed on imaging (Atlas & Deyo, 2001).  
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The Canadian healthcare system is a publicly funded healthcare system. This system 

allows all Canadian residents access to medically necessary services, with no out-of-

pocket expenses (Government of Canada, n.d.). According to the Manitoba Physicians 

Manual a spine surgeon practicing in Manitoba is eligible to bill $1,715.60 to the public 

healthcare system for a three-level lumbar fusion with instrumentation (Minister of 

Health - Manitoba, 2019). While the fee for a spine surgeon in Canada is considerably 

less than that of the U.S. counterpart (McIntosh et al., 1998) the procedure is still costly 

when the cost of the operating room is taken into account. According to Shippert (2005), 

hospital operating room costs an average of $62 USD per minute (range $21 to $133), 

while the anesthesiologist fee is $4 USD per minute (Shippert, 2005). On average, the 

cost of running a hospital operating room in 2005 would have been approximately $66 

USD per minute. Depending on the complexity of the procedure, surgeon experience, and 

patient specific considerations spine surgeries can range from four to eight hours. 

Theoretically, a surgery requiring six hours would cost the healthcare system 

approximately $23,760 USD for the operating room. Converting this fee into Canadian 

currency, and including the surgeons’ professional fee, this equates to ($31,125.48 + 

1,715.60=) $32,841.08 CAD. These estimates should be read with caution as others have 

estimated operating room costs to be approximately $36-37 USD (Childers & Maggard-

Gibbons, 2018). In addition, the cost for the support staff (surgical nurses, operating 

room maintenance and cleaning, etc.) and post-surgical rehabilitation was excluded in the 

aforementioned estimate.   
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2.7 Summary of the current state of back pain management  

The current evidence for the management of chronic back pain points to a stepwise 

approach to care: 1) beginning with non-pharmacological, non-surgical treatments such 

as chiropractic or physiotherapy to provide: advice to remain active; patient education; 

exercise advice; and spinal manipulation or mobilization; 2) progress to 

pharmacotherapy; and 3) surgery as a last resort. A survey of 139 family physicians in 

British Columbia, Canada revealed that while Canadian physicians are compliant with 

CPG recommendations regarding the assessment of back pain, many CPG 

recommendations on treatment were not executed (Bishop & Wing, 2003). The study 

from Bishop and Wing (2003) found that education and spinal manipulation was only 

provided by 7% and 6% respectively of physicians surveyed.  

 By the year 2036, Stats Canada estimates that seniors (≥ 65 years old) will 

account for approximately 23-25% of the total population in Canada, nearly doubling the 

2009 estimate of 13.9% (Statistics Canada, 2011). According to a 2011 Canadian survey, 

chronic pain prevalence increases with increasing age, with many chronic pain sufferers 

reporting back pain (Schopflocher et al., 2011). Reasonably, patients with chronic pain 

reporting back pain can be expected to rise precipitously as the Canadian population 

continues to age. Therefore, a concerted effort is required to establish optimal treatment 

pathways for Canadians suffering with chronic back pain.  
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2.8 Healthcare Utilization 

2.8.1 Andersen and Newman -Theoretical framework for health service 

utilization 

In 1973, Andersen and Newman provided a theoretical framework for analyzing 

health service utilization and the variables one must consider when accessing health 

services (Andersen & Newman, 1973). Health care utilization can be analyzed by 

breaking down the health care system into two components: resources and organization. 

Resources of the system can be subcategorized into volume and geographic distribution 

of services. Essentially, resources are health care personnel, equipment, materials and 

health care settings, such as hospitals and clinics. As the ratio between local resources 

and a given population increases, it can be assumed that use of healthcare services will 

also increase (Andersen & Newman, 1973). 

However, it is important to realize that healthcare service utilization is a type of 

individual behavior, as such, factors outside of resources influence people’s use of health 

services (Andersen & Newman, 1973). The second component of the health system, 

organization, provide some insight on additional factors that may be considered in health 

service access. According to Andersen and Newman (1973), organization can be 

subcategorized into access and structure. Patient point of entry into the healthcare system 

and the continued treatment process is access. Factors that affect the subcomponent of 

access are wait times, qualifiers for treatment, and out-of-pocket expense.  

While structure describes the nature of healthcare; that is, structure is related to how 

the healthcare provider will decide to manage the patient at the point of entry into the 

healthcare system. Structure relates to patient plan of management, and the use of referral 
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or ancillary healthcare services. Andersen and Newman (1973) concede that structure is 

the most difficult aspect of the healthcare system model to relate to patient utilization 

patterns, due to the multiple facets of clinical practice that must be considered.            

In the theoretical framework put forth by Andersen and Newman (1973), the two 

researchers highlight the impact of societal norms, such as societal beliefs and formal 

legislation, on the utilization of health services. For example, advancements in the field 

of mental health helped to shift patient care from in-patient settings to out-patient 

settings. Another example provided in Andersen and Newman’s theoretical framework is 

the increasing utilization rates of dental care over the past decades with corresponding 

increase of dental care insurance coverage, thereby decreasing out-of-pocket expense to 

access dental services (Andersen & Newman, 1973).     

2.8.2 Para-medical service utilization for back pain 

Despite the recent efforts of CPGs to optimize the selection of back pain treatment 

options, implementation of CPG recommendations for back pain is poor (Chou et al., 

2018; Slade et al., 2015). Engaging in a course of CPG treatment for back pain typically 

involves financial consideration as clinicians providing CPG recommended treatments 

(spinal manipulation, massage, exercise prescription, and acupuncture) typically fall 

outside of Canadian provincial healthcare coverage (Freburger, Carey, & Holmes, 2005; 

Passmore et al., 2015). Healthcare providers delivering CPG recommended treatments for 

low back pain are referred to as para-medical providers. Para-medical providers, as 

defined by insurance companies, refer to a licensed practitioner who fall outside of the 

public health insurance plan (HEBManitoba, n.d.; Sunlife, n.d.). Services that are 
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considered para-medical include a variety of healthcare practitioners, including 

chiropractors and physiotherapists.   

According to a review published in Health Expectations, patients considered 

chiropractors as primary healthcare providers for those suffering with back pain (Chou et 

al., 2018). While patients suffering with back pain report willingness to seek out care 

from either chiropractors or physiotherapists, patients typically waited for a few weeks 

before asking for a physiotherapy referral (Chou et al., 2018). Patients seeking care from 

a chiropractor or physical therapist expected some relief of symptoms and self-

management strategies, such as exercise advice. Active patient involvement and a 

preference for hands on treatment were associated with patients preferring chiropractic 

care (Chou et al., 2018).    

Having no insurance is negatively associated with accessing physical therapy (Carter 

& Rizzo, 2007) and a lower income is correlated with a lower utilization rate of 

chiropractic services (Krastins, Ristinen, Cimino, & Mamtani, 1998), while being 

employed is positively correlated with both chiropractic and physiotherapy utilization in 

the general population (Carter & Rizzo, 2007; Shekelle, Markovich, & Louie, 1995). 

Despite the financial burden associated with chiropractic services the majority of 

chiropractic patients report a high satisfaction rating (Chou et al., 2018; Gaumer, 2006) 

and are generally more satisfied in their care when compared to other healthcare 

providers (Shekelle et al., 1995).   

2.8.3 Patient preferences and expectations 

The implementation of evidence-based care for patients suffering with back pain is a 

complex discussion. Andersen and Newman (1973) provide a strong theoretical 
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framework for health service utilization and several factors involved with para-medical 

service utilization were outlined in the previous section. However, CPGs are created for 

and developed by healthcare professionals, and the pivotal decision to participate in CPG 

recommended treatments ultimately lies with the patient (Chou et al., 2018). Patient 

preferences and expectations of treatment contribute in the decision-making process of 

health service utilization (Lurie et al., 2008).  

In 2008, Lurie et al. investigated treatment preferences in 740 patients diagnosed with 

a lumbar disc herniation using the Spine Patient Outcomes Research Trial (SPORT) data 

base. The results of the study revealed that 67% of participants preferred surgical 

intervention over non-operative management (28%). Participants preferring surgical 

intervention were younger, experienced higher levels of self-reported pain and disability, 

had lower levels of education, longer symptom duration, and more likely to be taking 

opiates (Lurie et al., 2008).  

Patients preferring non-operative management reported expectations for benefit with 

either operative or non-operative approaches but had higher expectations of anticipated 

risk from surgery. Conversely, the group preferring surgical intervention reported 

expectations of harm from non-operative treatment, and had higher expectations of 

benefit from surgery (Lurie et al., 2008). Both groups cited that their personal physician 

influenced their intervention preference more than their friends and family. Lurie et al. 

(2008) found that patient “expectation of benefit from non-operative care was the most 

powerful single predictor of patient preference – greater than the expectation of benefit 

from surgery or the expectation of harm from surgery” (p. 5).  
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2.8.4 Barriers to clinical guidelines in practice 

Many healthcare providers who manage patients suffering with back pain agree with 

a CPG approach to care, however, providers find it difficult to habitually follow 

guidelines in everyday practice (Hall et al., 2019; Slade et al., 2015). A qualitative study 

from Slade et al. (2016) revealed that providers valued an intuitive, experiential approach 

over CPGs in back pain management. Some clinicians (physicians, chiropractors, and 

physiotherapists) reported CPGs restricted clinical reasoning, and reduced autonomy 

(Slade, Kent, Patel, Bucknall, & Buchbinder, 2016). Notably, some of the clinicians 

involved in the Slade et al. study (2016) believed that CPGs were not supported by 

evidence. 

In a recent qualitative study from Implementation Science, physicians reported 

inadequate time as a reason for not being able to perform a thorough history, 

examination, and neurological assessment in patients presenting with back pain 

symptoms (Hall et al., 2019). In addition, Slade et al. (2016) found evidence that 

physicians lacked confidence in their ability to assess back pain, while para-medical 

providers (chiropractors, and physiotherapists) appeared more confident. The obstacle of 

limited time reported by Hall et al. (2019) were compounded by lack of confidence in 

educating patients on the nature of back pain, and lack of knowledge to provide advice 

regarding activity recommendations.  

Patient expectations can also influence how a provider navigates the decision-making 

process for imaging and back pain. Some physicians report feeling a social pressure to 

order spinal imaging (Hall et al., 2019; Slade et al., 2016). According to Slade et al. 
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(2016), patients with back pain believe that imaging can identify a cause for their 

symptoms and validates their symptoms.             
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Figure 1. Healthcare service utilization 

 

 

 

Adapted from Andersen & Newman, 1973; Carter & Rizzo, 2007; Krastins et al., 1998; Lurie et al., 2008; Shekelle et al., 1995.   
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Section 3: Objectives & Hypothesis 

3.1 Objectives 

The objective of the present study was to investigate the existing provincial CSORN 

database for Manitobans receiving elective spine surgery to understand current clinical 

practice patterns. Two specific objectives exist. The first objective of the study was to 

determine the proportion of elective spine surgery patients who engage in non-

pharmacological, non-surgical treatment prior to undergoing elective thoracolumbar spine 

surgery in Manitoba, Canada. The second objective of the study was to investigate patient 

characteristics (age, biological sex, body mass index [BMI], educational level), pain and 

disability measures, and frequency of prescription narcotic use as predictors for non-

pharmacological, non-surgical treatment engagement amongst CSORN patients eligible 

for thoracolumbar spine surgery in Manitoba, Canada. Non-pharmacological, non-

surgical treatment for the purpose of the study was defined as accessing a chiropractor, a 

physiotherapist, or both prior to elective thoracolumbar spine surgery. 

The study population was divided into two categories for the purpose of statistical 

analyses. The “Engagement” group was defined as: i) patients who report visiting a 

chiropractor ≥ 3 times, visited a physiotherapist but did not engage in a course of care (1-

2 visits), or report never visiting a physiotherapist in the six-months leading up to 

thoracolumbar spine surgery;  ii) patients who report visiting a physiotherapist ≥ 3 times, 

visited a chiropractor but did not engage in a course of care (1-2 visits), or report never 

visiting a chiropractor in the six-months leading up to thoracolumbar spine surgery; and 

iii) patients who report visiting a chiropractor ≥ 3 times and report visiting a 
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physiotherapist ≥ 3 times in the six-months leading up to thoracolumbar spine surgery. 

The “Minimal-to-No Engagement” group was defined as: i) patients who report to never 

visiting a chiropractor or physiotherapist in the six-months leading up to thoracolumbar 

spine surgery; ii) patients who report an introduction to a chiropractor (1-2 visits) and/or 

an introduction to a physiotherapist (1-2 visits) without engaging in a course of care in 

the six-months leading up to thoracolumbar spine surgery; iii) patients who report an 

introduction to a chiropractor (1-2 visits) and report to never visiting a physiotherapist in 

the six-months leading up to thoracolumbar spine surgery; and iv) patients who report an 

introduction to a physiotherapist (1-2 visits) and report to never visiting a chiropractor in 

the six-months leading up to thoracolumbar spine surgery. 

The two groups, “Engagement” and “Minimal-to-No Engagement”, were comprised 

of patients reporting on either a chiropractic or physiotherapy visit(s). The present study 

grouping reflects the current evidence that chiropractors and physiotherapists are among 

the top three healthcare providers involved in back pain management (Chevan & Riddle, 

2011; Chou et al., 2018), with evidence supporting that both professions utilize advice, 

education, exercise, and spinal manipulation or mobilization (Bussières et al., 2018; 

Childs, Piva, & Fritz, 2005; Chou et al., 2018; Paskowski et al., 2011). A patient may 

choose to attend a chiropractor or a physiotherapist based on their own preference and 

values (Blanchette et al., 2016).  

3.2 Hypothesis 

It was hypothesized that 50% of patients moving through the CSORN registry in 

Manitoba, Canada would report minimal-to-no engagement in non-pharmacological, non-

surgical treatment prior to undergoing elective thoracolumbar spine surgery (Côté et al., 
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2001; Johnson, Passmore, McIntosh, & Hall, 2015). In addition, it was anticipated that 

increasing age (Beliveau 2017, & Freburger 2005), BMI (Davis 2011 & Eleswarpu 

2016), and narcotic use (Corcoran et al., 2019; Sun et al., 2018; Whedon et al., 2020) 

would be associated with a reduction in the likelihood of engaging in non-

pharmacological, non-surgical treatment prior to elective thoracolumbar spine 

intervention. Alternatively, biological sex female, higher NRS and Oswestry disability 

index (ODI), and higher levels of education would increase the likelihood of engaging in 

non-pharmacological, non-surgical treatment prior to elective thoracolumbar intervention. 

For the logistic regression analysis component of the study, the second hypothesis may be 

rewritten as the null hypothesis. The null hypothesis for logistic regression is that there is 

no relationship between the outcome variable and the independent variables. The null 

hypothesis is accepted when the odds ratio (OR) for the independent variable(s) in the 

model are equal to 1.0, or when the p-value of the OR is greater than .05. 

The alternative hypothesis for logistic regression analysis is that there is a 

relationship between the outcome variable and one or more of the independent variables. 

The null hypothesis is rejected when the OR for one or more of the independent variables 

in the model are not equal to 1.0, or when the p-value of the OR is less than .05.  
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Section 4: Methods 

4.1 Study Design 

 The study utilized a retrospective cohort design among elective thoracolumbar 

spine surgery patients, from 2012-2019, in Manitoba, Canada to: 1) determine the 

proportion of elective spine surgery patients who engage in non-pharmacological, non-

surgical treatment in the six-months prior to elective thoracolumbar spine surgery; and 2) 

investigate patient characteristics, pain and disability measures, and frequency of 

prescription narcotic use as predictors for non-pharmacological, non-surgical treatment 

engagement amongst CSORN patients eligible for thoracolumbar spine surgery.  

4.2. Ethics  

 The present study was approved by the University of Manitoba Health Research 

Ethics Board (ethics number: HS23824 [H2020:169]). 

4.3 CSORN Data Base 

The Canadian Spine Society, comprised of neurological and orthopedic spine 

surgeons and other health care professionals, was instrumental in establishing the 

CSORN registry. The primary objective of CSORN is to track patient socio-demographic 

data and outcomes across Canada, thereby creating a national data registry in hopes of 

continually improving and advancing spine care (Ayling et al., 2018; Srinivas et al., 

2019). The CSORN registry collects data in order to answer questions relating to patient 

response to care, and to promote best practices in spine care. For the complete list of 

information collected in the CSORN database for thoracolumbar spine surgery 
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candidates, please see Appendix - C (Thoraco-lumbar initial patient assessment), and 

Appendix - D (List of diagnoses for patients eligible to receive spine surgery).  

 The multi-center CSORN registry prospectively enters patient demographic data 

from those suffering with a primary spinal pathology requiring or eligible for surgical 

intervention. Data collected is primarily comprised of patient and physician reported 

outcomes. The present study investigated the provincial data from 2012 to 2019 in 

Manitoba, Canada. A provincial database curator, located in Health Sciences Center, 820 

Sherbrook St., Winnipeg, Manitoba, audits the data quality and reports to the central 

database (Figure 2).  

Figure 2. Patient flow through Manitoba division of CSORN diagram 
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Inclusion 

 All patients of the study were over 18 years of age. All patients had clinical 

evidence of a spinal pathology eligible for elective surgical intervention. The pathologies 

of interest are degenerative disc disease, disc herniation, and stenosis. Patients were 

included in the analysis if the elective spine surgery was targeted to the thoracolumbar 

spine from the years 2012-2019. 

Exclusion 

 Due to the limitations of the CSORN database, patients who experience 

symptoms ≥ 6 months were excluded. The CSORN questionnaire only captures 

information regarding utilization of non-pharmacological, non-surgical treatment for the 

six-months preceding the surgical assessment (Appendix C). Patients with the following 

diagnoses were excluded from the study: deformity, pathological fracture, traumatic 

fracture, infection, inflammatory spine disorder, non-union of previous fusion, 

spondylolisthesis, or tumor (Appendix D) as these diagnoses are not appropriately 

managed by non-pharmacological, non-surgical treatment. A history of previous spinal 

surgery (Appendix C) excluded participation into the present study. Patient data was 

excluded if the surgical intervention was not targeted in the thoracolumbar spine. 
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Figure 3. Study patient flow diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dx: diagnosis; Csp: cervical spine. «: 1,560 patients were excluded from the study 

analysis due to the constraints of the CSORN data registry. The questionnaire only 

Elective spine surgery 
n = 2,136 

Symptoms ≤ 6	months 
n = 576 

No previous spine surgery 
n = 484 

Dx: DDD, DH, Stenosis  
n = 268 

Eligible patients 
n= 144 

Excluded patients with symptoms ≥ 6 months  « 
 

92 patients excluded due to prior spine surgery 

216 patients excluded in the analysis - Spinal 
pathology was not part of study scope.  

100 patients excluded – Elective spine surgery 
targeted to the Csp. 

Completed CSORN intake 
n = 150 

Remove Csp surgeries 
n = 168 

18 patients did not complete the CSORN 
initial patient assessment. 

Six patients did not complete response to 
chiropractic and/or physiotherapy engagement. 
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captures information regarding non-pharmacological, non-surgical treatment utilization 

for the six-months preceding the patients’ surgical assessment.     

Upon reviewing the remaining 168 patients eligible for the study analysis, 18 

patients utilized their choice not to complete the CSORN thoraco-lumbar initial patient 

assessment. This resulted 150 possible patients. Detailed investigation of the remaining 

150 CSORN patients revealed six patients who did not complete treatment access 

question and were subsequently removed from the study. The final working sample size 

is 144 patients (n = 144).  

4.4 Study Variables 

As previously discussed, healthcare utilization and access are a complex interplay 

of multiple factors. Factors that affect healthcare utilization and access are, but not 

limited to: 1) healthcare systems - resources and organization (Andersen & Newman, 

1973); 2) economic status (Carter & Rizzo, 2007; Krastins et al., 1998; Shekelle et al., 

1995); and 3) societal norms; such as perceived importance through procedural insurance 

coverage (Andersen & Newman, 1973) and treatment preference and expectations (Lurie 

et al., 2008). The CSORN data registry does not contain information on patient income, 

healthcare insurance information/coverage, treatment preference or treatment expectation. 

Therefore, the variables that can be assessed in the study were selected based on the 

findings from previous published studies on healthcare provider utilization and the 

available data found in the CSORN registry. Specifically, the variables that were 

examined are: age, biological sex at birth, BMI, education level, NRS, ODI and narcotic 

use.      
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4.4.1 Study variables – rationale for variable selection 

 The current evidence supports that increasing age is associated with increasing 

prevalence of low back pain (Jeffries et al., 2007; Manchikanti, Manchikanti, Cash, 

Singh, & Giordano, 2008). Alternatively, utilization of non-operative treatments declines 

with increasing age, ≥ 55 years of age for chiropractic (Beliveau et al., 2017) and ≥ 50 

years old for physiotherapy (Freburger et al., 2005).  Age was calculated using the 

patients’ date of birth recorded as DD/MMM/YYYY; where DD is the date using two 

digits, followed by MMM listed as the abbreviation for the month (i.e., Jan), followed by 

YYYY for the year listed in four digits. Age was classified as a continuous variable, 

rounded down to the nearest year. 

According to the findings of Lurie et al. (2008), patients who experienced higher 

levels of pain and disability were more likely to prefer a surgical approach to their back 

pain (lumbar disc herniation). Both parameters are recorded in the CSORN registry 

(Appendix C) and included in the study analysis. Patient rating of overall back pain is 

reported on an interval scale (0-10 numeric pain rating scale), therefore classified as a 

continuous variable. The ODI questionnaire consist of 10 categories that address different 

aspects of patient function (Fairbank, J., Couper, J., Davies, J.B., O’Brien, 1980). Each 

category is scored 0 to 5, a low score indicating no disability and higher scores indicating 

greater disability, in a given functional category. The total score is then multiplied by 2 to 

produce a percentage. The following percentage can then be categorized into five varying 

levels of disability (Fairbank, J., Couper, J., Davies, J.B., O’Brien, 1980; Fairbank & 

Pynsent, 2000). The ODI percentage is recorded into the CSORN database as a 
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continuous variable, as such, ODI was treated as a continuous variable for the purpose to 

the present study. 

Table 4. Interpretation of Oswestry Disability Index score. 

Score Interpretation 

0% to 20%: minimal disability: The patient can cope with most living activities. 

Usually, no treatment is indicated apart from advice 

on lifting sitting and exercise. 

21%-40%: moderate disability: The patient experiences more pain and difficulty with 

sitting, lifting and standing. Travel and social life are 

more difficult, and they may be disabled from work. 

Personal care, sexual activity and sleeping are not 

grossly affected, and the patient can usually be 

managed by conservative means. 

41%-60%: severe disability: Pain remains the main problem in this group, but 

activities of daily living are affected. These patients 

require a detailed investigation. 

61%-80%: crippled: Back pain impinges on all aspects of the patient's life. 

Positive intervention is required. 

81%-100% These patients are either bed-bound or exaggerating 

their symptoms. 

 

Adapted from Fairbank, J., Couper, J., Davies, J.B., O’Brien, 1980; Fairbank & Pynsent, 

2000. 
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A recent study of 22, 783 U.S. adults found that having a lower BMI increased the 

likelihood of visiting a chiropractor (Davis, West, Weeks, & Sirovich, 2011), and patients 

are less likely to experience symptom relief with physiotherapy treatment if they possess 

a higher BMI (Eleswarapu et al., 2016). Patient height and weight are collected at the 

point of entry, and the corresponding patient BMI score was entered into the CSORN 

database.  

Body Mass Index (BMI) 

+,-	 = 	
/012ℎ4	(62)

[ℎ012ℎ4	(9)]!
 

Patient educational level demonstrated an impact on patient preference between 

non-surgical and surgical management for patients experiencing back pain (Lurie et al., 

2008). Lurie et al. (2008) discovered that patients preferring surgical intervention 

reported having lower levels of education in comparison to patients preferring a non-

surgical approach who were characterized by having higher levels of education. The 

CSORN registry collects patient educational level and allows for five unique responses. 

The patient intake form asks, “what is the highest level of education you completed?” 

The form presents six options: less than high school, high school diploma, technical 

school or associate degree, college/university degree/undergraduate degree, post-graduate 

or professional degree, or choose not to answer. For the purpose of the study, educational 

level was treated as an ordinal variable and coded as displayed below (Table 5). 
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Table 5. Highest level of education completed coding table.  

  Coding 

Highest Level 

of Education 

Completed 

Less than high school 0 

High school diploma 1 

Technical school or Associate 

degree 

2 

College/University/Undergraduate 

degree 

3 

Post graduate or Professional 

degree 

4 

   

Recent studies in both chiropractic and physiotherapy have demonstrated an 

inverse relationship between visiting either a chiropractor or physiotherapist, and opioid 

prescriptions (Corcoran et al., 2019; Sun et al., 2018; Whedon et al., 2020). The thoraco-

lumbar initial patient assessment asks patients how often they have taken narcotic pain 

medication in the last six-months. The possible responses found in the CSORN database 

are never, intermittent, or daily. Therefore, the use of narcotic pain medication was 

treated as an ordinal variable and coded as displayed below (Table 6). 
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Table 6. Narcotic pain medication coding table.  

  Coding 

Narcotic Pain 

Medication 

Never 0 

Intermittent 1 

Daily 2 

Studies on chiropractic and physiotherapy utilization have revealed that females 

are more likely to seek care from a chiropractor or physical therapist (Beliveau et al., 

2017; Freburger et al., 2005; Gaumer, 2006; Weeks, Goertz, Meeker, & Marchiori, 

2015). Biological sex, defined as sex at birth, is reported on the patient intake form and 

was treated as a categorical variable. The code 0 was used to indicate a biological sex of 

female at birth, while a code of 1 indicated a biological sex of male at birth. 

4.4.2 Improved Representation of Study Variables 

The study variables age, NRS, ODI and BMI are measured on a continuous scale, 

while biological sex, highest level of education completed, and prescription narcotic use 

are measured on categorical scales. Descriptive statistics, as demonstrated on Table 7, 

were utilized for all the variables to allow for an iterative analysis of the study data. The 

iterative analysis of the data allowed for improved variable representation by scrutinizing 

trends in the data. Throughout the iterative process of analyzing the study data, three 

parameters were continuously applied and monitored. The three parameters were: 1) 

investigate the study variables for any potential trends; 2) allow for clinical representation 

of the study variables where applicable; and 3) stop the iterative analysis when there was 

a threat in losing clinical representation of the data, or if there was a threat in violating 

the assumptions of a valid statistical test. A response size of 10 was used as the target cell 
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size for the crosstabulation tables, however, the true minimum response size is five 

(Field, 2013; Laerd Statistics, 2017).    

The process of analyzing the study variables to improve variable representation 

assisted in potentially discovering clinical nuances present in the study data. For example, 

when a continuous variable is used in a statistical test, there are many potential numerical 

values that could be entered as data points. The wide range of possible values for a 

continuous variable may potentially disperse the impact of a variable giving the 

appearance that the variables’ effect is spread out between all possible values. However, 

in reality, the effect of the continuous variable may be more isolated, or there is a 

definitive cut-point where the impact of the variable actually occurs.  

Furthermore, analyzing the data through an iterative process may reveal 

possibilities for improving the size of “n” for a given response or study parameter being 

measured. Improving the size of “n” allowed for subtle detection of potential differences. 

Lastly, the iterative process allowed for clinical interpretation of the study data. For 

example, the disability measure, ODI, is measured on a continuous scale. However, the 

ODI score has a clinical interpretation that is categorical. Therefore, entering in the ODI 

patient data variable as categorical, rather than continuous, provided more of a clinical 

perspective and improved the interpretability of the study results.       

To illustrate the iterative process, which allowed for improved variable 

representation, Table 7 & 8 contain the continuous age variable displayed in 5-year age 

groups (i.e., 21-25, and 26-30, etc.) and 10-year age groups. Comparing the two tables 

allowed for visual inspection of the age data, making the detection of any potential trends 

in the data easier to identify.  
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Table 7. Age groups (5-year groups) X Engagement Crosstabulation  

  Engagement  

 Years of Age Minimal-to-No Yes Total 

Age - Groups  21-25 4 80% 1 20% 5 

 26-30 2 20% 8 80% 10 

 31-35  3 17.6% 14 82.4% 17 

 36-40 6 42.9% 8 57.1% 14 

 41-45 5 33.3% 10 66.7% 15 

 46-50 1 9.1% 10 90.9% 11 

 51-55 3 33.3% 6 66.7% 9 

 56-60 3 42.9% 4 57.1% 7 

 61-65 7 63.6% 4 36.4% 11 

 66-70 8 50% 8 50% 16 

 71-75 5 44.4% 5 55.6% 9 

 76-80 8 66.7% 4 33.3% 12 

 81-85 4 66.7% 2 33.3% 6 

 86-90 2 100% 0 0% 2 

Total Count 60 41.7% 84 58.3% 144 

 
 The 5-year groupings table revealed that engagement level changed dramatically 

between the age categories of 56-60 and 61-65. Patients that are 56-60 years of age or 

younger displayed an engagement level that was 57% or higher. Whereas patients who 

are 61-65 years of age or older, engagement level never exceeded 55.6%. Additionally, 

the size of “n” in each 5-year age grouping was on the lower end. The small size of “n” 
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can lead to difficulties in detecting statistical significance. A simple solution to improve 

the size of “n” in the age groupings was to make the age groupings wider. 

 Table 8 below presents the age data as 10-year age categories. The larger age 

grouping allowed for a larger size of “n” per age grouping, while preserving the trend 

observed on the previous table.     

Table 8. Age groups (10-year groups) X Engagement Crosstabulation  

  Engagement  

 Years of Age Minimal-to-No Yes Total 

Age - Groups  21-30 6 40% 9 60% 15 

 31-40 9 29% 22 71% 31 

 41-50 6 23.1% 20 76.9% 26 

 51-60 6 37.5% 10 62.5% 16 

 61-70 15 55.6% 12 44.4% 27 

 71-80 12 57.1% 9 42.9% 21 

 81-90 6 75% 2 25% 8 

Total Count 60 41.7% 84 58.3% 144 

The previous two tables categorizing age into 5-year groups and 10-year groups 

demonstrated the same cut-point where engagement level changed between patients 

younger in age compared to patients older in age. Based on the observed trend in the data 

presented in the previous two tables, the independent variable “age” was then 

dichotomized as seen in the subsequent table, Table 9. The recategorization of the age 

variable in Table 9, not only improved the number of patients for each possible response, 

but also allowed for a nuanced representation of the observed clinical effect in the present 

study. For the purpose of completing the final study model, the age variable was entered 
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as categorical. Patients that reported being 21-to-60 years of age was used as the 

reference group, coded 0. Subsequently, code 1 was used for patients reporting to be 61-

90 years of age.    

Table 9. Age groups X Engagement Crosstabulation  

  Engagement  

 Years of Age Minimal-to-No Yes Total 

Age - Groups  21-60 27 30.7% 61 69.3% 88 

 61-90 33 58.9% 23 41.1% 56 

Total Count 60 41.7% 84 58.3% 144 

 The process described for the independent variable “age” was applied to the 

remaining six independent variables. The final results of the iterative analysis for each 

independent variable are presented below.  

 The independent variable “NRS” was kept as a continuous variable. The 

independent variable of ODI was categorized to improve the clinical interpretability of 

the study results, as well as highlight trends in the study data. The crosstabulations for 

ODI responses is presented on Table 10. 
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Table 10. ODI Three groups X Engagement Crosstabulation  

  Engagement  

  Minimal-to-No Yes Total 

ODI - 

Groups  

Minimal-to-

Moderate Disability 

14 45.2% 17 54.8% 31 

 Severe Disability 14 28% 36 72% 50 

 Crippled (>60%) 32 50.8% 31 49.2% 63 

Total  60 41.7% 84 58.3% 144 

 

From Table 10, the data revealed that patients in the severe disability group displayed 

higher engagement (72%) with non-pharmacological, non-surgical treatment in 

comparison to the minimal-to-moderate disability, and crippled (>60%) groups. The 

writer acknowledges, the term “crippled” is no longer politically acceptable language, 

moving forward in the document this category will be referred to as debilitated. 

Therefore, for the final analysis the variable “ODI” will be treated as a categorical 

variable, with three levels as demonstrated on Table 10. The reference category “severe 

disability” was coded as 0. Minimal-to-moderate disability will be coded as 1, and the 

group debilitated (>60%) will be coded 2.  

 The table below, Table 11, displays the BMI data as a categorical variable with 

three levels. The cut points are for normal weight ≤ 24.9, overweight 25-29.9, and obese 

≥ 30. The following cut points improved the study information as the CDC and WHO 

classify BMI data into groupings to allow ease of interpretation and improves the clinical 

application of the calculated data (CDC, 2017; WHO, 2021). Additionally, BMI data has 
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been categorized in a similar fashion in a recently published study (Eleswarapu et al., 

2016). For the final regression analysis, the reference group, normal weight (BMI ≤ 

24.9), was coded 0. The group with a BMI of 25-29.9 was coded 1, and the group with a 

BMI of ≥ 30	was	coded	2. While the cell count of 10 is not met for the group BMI ≤ 

24.9 in the minimal-to-no engagement column it was deemed appropriate to categorize 

the independent variable in this fashion as the true minimum cell count in a 

crosstabulation table is five (Field, 2013; Laerd Statistics, 2017). 

Table 11. BMI Two groups X Engagement Crosstabulation  

  Engagement  

  Minimal-to-No Yes Total 

BMI - 

Groups  

BMI ≤ 24.9 8 22.2% 28 77.8% 36 

 BMI 25-29.9 25 53.2% 22 46.8% 47 

 BMI ≥ 30 27 44.3% 34 55.7% 61 

Total  60 41.7% 84 58.3% 144 

 

The independent variable “highest level of education completed” was reduced to 

three levels. The reference category was coded 0 and was comprised of patients who 

reported completing a high school diploma, technical school/associate degree, or 

college/university/undergraduate degree. Patients who report less than high school 

education were coded 1, and the code 2 represented patients who completed post-

graduate or professional degrees (Table 12). While the categories “less than high school” 

and “post-graduate or professional degrees” displayed similar trends with engagement 
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and minimal-to-no engagement with non-pharmacological, non-surgical treatment prior 

to elective thoracolumbar spine surgery, grouping these two categories would not have 

been consistent with observed clinical patterns. From a clinical perspective, the two 

groups likely differ in their occupation, physical demand at work, job satisfaction, and 

presumably socioeconomic status.    

Table 12. Highest level of Education Completed Three Groups X Engagement 

Crosstabulation  

  Engagement  

  Minimal-to-No Yes Total 

Education 

- Groups  

Less than HS 14 58.3% 10 41.7% 24 

 HS, Tech 

School/Associate 

Degree, 

College/Univ/Under-

Grad 

37 35.9% 66 64.1% 103 

 Post graduate or 

Prof. degree 

9 52.9% 8 47.1% 17 

Total  60 41.7% 84 58.3% 144 

 

For the final analysis, the patient response of never using narcotic pain medication 

and intermittent use of narcotic pain medication were grouped together and entered as the 

reference group (code 0) in the iterative model. The group comprised of patients 
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reporting daily use of narcotic pain medication was coded 1. The recategorization of the 

study variable was based off the observed trends in the study data following the iterative 

process of analyzing for trends in the data.  

Table 13. Narcotic Pain Medication Use Three Groups X Engagement Crosstabulation  

  Engagement  

  Minimal-to-No Yes Total 

Narcotic Pain 

Medication - 

Groups 

Never-to 

Intermittent 

27 40.3% 40 59.7% 67 

 Daily 33 42.9% 44 57.1% 77 

Total  60 41.7% 84 58.3% 144 

The independent variable, biological sex at birth, was entered into the final model 

as a binary variable. Male biological sex was coded 0, and a biological sex of female was 

coded as 1. The coding was changed to improve the ease of interpretation of the OR in 

the final output.    

Table 14. Biological Sex at Birth X Engagement Crosstabulation  

  Engagement  

  Minimal-to-No Yes Total 

Biological Sex Female 30 45.5% 36 54.5% 66 

 Male 30 38.5% 48 61.5% 78 

Total  60 41.7% 84 58.3% 144 
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Classification of the independent variables, along with the corresponding coding, for the 

final logistic regression model is presented on Table 15.  
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Table 15. Independent Variable Classification Entry into Logistic Regression Model 

Independent 

variable 

Initial 

Model 

Iterative 

Model 

Groupings Code 

Age Continuous 

variable 

Binary 

variable 

21-60 years of age 0 

61-90 years of age 1 

NRS Continuous 

variable 

Continuous 

variable 

N/A N/A 

ODI Continuous 

variable 

Categorical 

variable 

(3 levels) 

Severe disability 0 

Minimal-to-moderate disability 1 

Debilitated (>60%) 2 

BMI Continuous 

variable 

Categorical 

variable 

Normal weight (BMI ≤ 24.9) 0 

Overweight (BMI 25.-29.9) 1 

Obese (BMI ≥ 30) 2 

Education Categorical 

variable  

(5 levels) 

Categorical 

variable 

(3 levels) 

High school, technical 

school/associate degree, or 

college/university/undergraduate 

degree 

0 

Less than high school 1 

Post-graduate or Professional 

degree 

2 

Narcotic 

Pain 

medication 

Categorical 

variable  

(3 levels) 

Binary 

variable  

Never-to- Intermittent 0 

Daily 1 
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Biological 

Sex 

Binary 

variable 

Binary 

variable 

Male 0 

Female 1 

Legend - Dependent variable: Engagement. NRS: Numeric Pain Rating Scale; ODI: 
Oswestry Disability Index; BMI: Body Mass Index. 
 

4.4.3 Dependent Variable 

For the purpose of achieving the study objectives, patient engagement with non-

pharmacological, non-surgical treatment in the six-months leading up to elective 

thoracolumbar spine surgery was dichotomized into two groups, “Minimal-to-No 

Engagement” group (coded as 0) and “Engagement” group (coded as 1), as this best 

suited the available CSORN dataset. The 144 eligible CSORN patients were placed into 

one of two the possible outcomes. The binary dependent variable allows for the statistical 

analysis described in section 4.7 of the manuscript.  

Consideration was given for categorizing the dependent variable into three 

groups. Specifically, the addition of a third group termed “Introductory Engagement” 

comprised of patients who report an introduction to a chiropractor (1-2 visits) and/or an 

introduction to a physiotherapist (1-2 visits) without engaging in a course of care in the 

six-months leading up to thoracolumbar spine surgery. After careful consideration two 

broad groups, “Engagement” and “Minimal-to-No engagement”, was deemed the most 

appropriate based on two very important aspects. First, the “Introductory Engagement” 

group would have been comprised of a very small number of patients, eight individuals. 

This would have introduced one group with a dramatically different number of patients, 

which would negatively impact the statistical analysis of the present study. Second, the 

first initial encounter with either a chiropractor or physiotherapist may or may not involve 

treatment as the initial visit commonly involves a thorough history and physical 
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examination. This would have introduced the possibility for a patient visiting either a 

chiropractor and/or physiotherapist without ever receiving treatment, or only a single 

treatment. Evidence suggests that a single treatment is insufficient to create a lasting 

meaningful clinical effect (Eklund et al., 2018; Haas et al., 2014; Leboeuf-Yde et al., 

2004). Based on these considerations, the categorization of treatment engagement into 

two distinct groups was deemed most appropriate for completing the objectives and 

statistical tests.  

4.5 Data Cleaning  

Patient data that meets the study inclusion and exclusion criteria was entered into 

IBM SPSS (Version 27, 2020) from the CSORN registry. The data entered into SPSS was 

inspected against the raw data to ensure that no discrepancies or coding errors had 

occurred. Following the visual inspection of the data, IBM SPSS (Version 27, 2020) 

software was used to run a descriptive analysis on the study variables. A frequency table 

was produced to visualize potential missing data fields (Portney & Watkins, 2015). 

Independent variables with missing data, data fields left empty or “choose not to answer” 

response, were addressed using the IBM SPSS software’s multiple imputation procedure. 

While there is no standard statistical method to handle missing data, multiple imputation 

provides advantages over mean, median or mode substitution and last value carried 

forward methods (Kang, 2013; J. A. C. Sterne et al., 2009; Zhang, 2016). Multiple 

imputation allows researchers to preserve the sample size by replacing missing data fields 

with values that take into account the relationships between missing data and the 

observed data (Kang, 2013; J. A. C. Sterne et al., 2009; Zhang, 2016).  
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Missing data was addressed using the “AUTO” scan method in SPSS. This 

method analyzes the dataset and determines the best imputation method to address 

missing data values. The “AUTO” method selects one of two possible approaches. One 

approach is the monotone method which is ideal for missing data that displays a 

monotone pattern, while the second approach is preferred when missing data has a non-

monotone pattern. Five multiple imputations for the missing values were performed. 

Following the multiple imputation procedure, an aggregate data set was created to 

perform the statistical analysis for the purpose of completing the study objectives 

(Jakobsen, Gluud, Wetterslev, & Winkel, 2017). This approach of handling missing data 

values is valid when the proportion of missing data is 5% or less (Cheema, 2014; 

Jakobsen et al., 2017). 

4.6 Bias 

 All patients in the CSORN registry have the right to access chiropractic and/or 

physiotherapy, however some may encounter barriers to accessing these forms of non-

pharmacological, non-surgical treatment options. Barriers to accessing non-

pharmacological, non-surgical treatment options introduces a bias known as confounding 

domain. Pre-study prognostic factors that may influence a patients chances of receiving a 

study intervention is defined as a confounding domain (J. A. Sterne et al., 2016; J. Sterne, 

Higgins, Elbers, & Reeves, 2016). Socioeconomic status, pain severity, and healthcare 

utilization are examples of confounding domains present in the current study.    

Another potential source of bias was the use of what may appear to be a 

convenience sample. All of the patients included in the study analysis had back pain 

symptoms, evaluated by a board surgeon, surgical fellow, or surgical resident, considered 
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a surgical candidate, and volunteered to participate in the CSORN registry. However, 

according to the Manitoba CSORN database curator participation into the CSORN 

registry is nearly 100% and the vast majority of eligible spine surgery patients volunteer 

to be entered into CSORN database across Canada. Convenience sampling methods may 

result in biases in sample estimates and potentially have poor generalizability (Jager, 

Putnick, & Bornstein, 2017), this does not apply to the present study as it captured nearly 

100% of patients requiring, or were eligible, for spine surgery in Manitoba, Canada.  

 Thirdly, the exclusion criteria removed patients who were experiencing symptoms 

for ≥ six	months. The process may have biased the study data by selecting patients who 

are experiencing a relatively recent onset of back pain symptoms. Clinically, patients who 

report more recent onset of symptoms are more likely to experience higher levels of self-

reported pain and disability. Patients who accessed non-pharmacological, non-surgical 

treatments successfully would be excluded from the study. Having a favorable response 

to non-pharmacological, non-surgical treatment would keep a patient from entering the 

CSORN database which captures a population that is proceeding towards spine surgery. 

 Lastly, the presence of missing data in the original dataset had the potential to 

decrease the statistical power, thus biasing the study results (Ayilara et al., 2019). The use 

of multiple imputation to address the missing data minimizes this concern. Multiple 

imputation replaces the missing data by predicting values based on the existing dataset. 

The imputed data produces valid statistical results by incorporating uncertainty and 

natural variability (Kang, 2013), and is a valid approach when missing data values is 5% 

or less (Cheema, 2014; Jakobsen et al., 2017).  
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4.7 Data Analysis Plan 

The statistical analyses were performed in IBM SPSS Statistical software version 

27. To achieve objective one, raw data was collated to determine the proportion of 

elective spine surgery patients who engage in non-pharmacological, non-surgical 

treatment prior to undergoing elective thoracolumbar spine surgery. Proportion is defined 

as the measure of a population having a specific characteristic in a given time period. For 

the present study, the characteristic of interest was engagement in non-pharmacological, 

non-surgical treatment in the six-months leading up to thoracolumbar spine surgery.   

F	 = 	
#	HI	JKLM0N4J	1O	JP9FQ0	/14ℎ	NℎPRPN40R1J41N

SH4PQ	#	HI	JKLM0N4J	1O	JP9FQ0
 

To achieve the second objective, the dependent variable of non-pharmacological, 

non-surgical treatment engagement was dichotomized (“Minimal-to-No Engagement” = 

0, “Engagement” = 1). Seven predictors were selected based on the existing evidence for 

chiropractic and physiotherapy utilization and the availability of the parameters in the 

CSORN database. All of the predictors were force entered into the logistic regression 

model simultaneously as it is an appropriate method for theory testing (Studenmund & 

Cassidy, 1987; as cited by Field, 2013, and Stoltzfus, 2011). To perform a valid binary 

logistic regression analysis a few basic assumptions must be met. The assumptions are: 1) 

one dependent variable that is dichotomous; 2) one or more independent variables that are 

measured on either a continuous or categorical (nominal or ordinal) scale; 3) 

independence of observations and the categories of the dichotomous dependent 

variable and all the categorical independent variables should be mutually exclusive and 

exhaustive; 4) Minimum of 10-20 cases per independent variable entered into the model; 

5) a linear relationship between the continuous independent variables and the logit 



 

 61 

transformation of the dependent variable; and 6) data must not show multicollinearity 

(Field, 2013; Laerd Statistics, 2017; Stoltzfus, 2011).  

The assumption of linearity in binomial logistic regression requires that there is a 

linear relationship between the continuous independent variables, and the logit 

transformation of the dependent variable (Field, 2013; Laerd Statistics, 2017; Stoltzfus, 

2011). To check this assumption the Box-Tidwell procedure function in SPSS was used 

(Fox, 2016; Guerrero & Johnson, 1982). To check the sixth assumption, variance of 

inflation factor (VIF) and tolerance statistics was inspected using SPSS.  

The first four assumptions (one dependent variable that is dichotomous, one or 

more independent variables measured on either a continuous or nominal scale, 

independence of observations, and a minimum of 10-20 cases per independent variable 

entered) were satisfied by virtue of the study design. 

The fifth assumption, which requires a linear relationship between the continuous 

independent variables and the logit transformation of the dependent variable was assessed 

using the Box-Tidwell approach (Box & Tidwell, 1962). The Box-Tidwell approach adds 

an interaction term between the continuous independent variables and their natural logs to 

the regression equation. With the inclusion of the interaction terms there are 18 terms in 

the model. This makes the adjusted alpha level .00278 (.05 ÷ 18 = .00278). According to 

Tabachnick & Fidell (2014), as cited by Laerd Statistics (2017), the continuous 

independent variables are not linearly related to the logit of the dependent variable when 

the interaction terms are statistically significant. The values of the interaction terms are 

presented in Table 16.  
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Table 16. Interaction terms in the Equation. 

 B S.E. Wald df Sig. Exp(B) 

Age by ln_age -.097 .078 1.546 1 .214 .907 

BMI by ln_BMI -.057 .218 .068 1 .794 .945 

NRS by ln_NRS 1.037 .545 3.621 1 .057 2.821 

ODI by ln_ODI -.116 .055 4.423 1 .035 .891 

 

A Bonferroni correction was applied using all 18 terms in the model resulting in 

statistical significance being accepted when p < .00278 (Tabachnick & Fidell, 2014, as 

cited by Laerd Statistics 2017; Armstrong, 2014; Liquet & Riou, 2013). Based on this 

new level of acceptance of statistical significance (p < .00278), we can see that all 

continuous independent variables are linearly related to the logit of the dependent 

variable. The p values are greater than .00278 (.214, .794, .057, and .035).  

Multicollinearity is a scenario that occurs when a model includes more than one 

independent variable. When independent variables are highly correlated multicollinearity 

becomes a serious concern as it makes it difficult to assess the impact of highly correlated 

independent variables (Field, 2013; Ho, 2006; Stoltzfus, 2011). To assess for 

multicollinearity using SPSS the VIF and tolerance statistics were inspected. A strong 

linear relationship between independent variables is identified by higher VIF values. The 

tolerance statistic is simply the inverse of the VIF value.  

Menard (1995) suggests that a tolerance value below 0.1 and a VIF greater than 

10 (Bowerman & O’Connell, 1990) is major concern for the presence of multicollinearity 

(as cited by Field, 2013). The diagnostics for both VIF and tolerance were analyzed on 
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SPSS. The resulting analysis is presented below, Table 17. Based on the assessment of 

the VIF and tolerance values for the independent variables there does not appear to be a 

major concern of multicollinearity. 

Table 17. Tolerance and VIF values.  

 Collinearity Statistics 

 Tolerance VIF 

Age .914 1.094 

BMI .895 1.117 

NRS .776 1.288 

ODI .717 1.395 

Biological Sex .912 1.097 

Education .913 1.095 

Narcotic .845 1.181 

Legend - Dependent variable: Engagement. BMI: Body Mass Index; NRS: Numeric Pain 

Rating Scale; ODI: Oswestry Disability Index.  

The study sample data was thoroughly inspected for outliers (Portney & Watkins, 

2015), sometimes referred to as influential cases (Motheral et al., 2003). According to 

Portney and Watkins, (2015) an outlier is a score that is three standard deviations from 

the mean. However, the statistical package SPSS highlights cases that are ±2 standard 

deviations and presents the cases in an output labelled “Casewise List” (IBM, n.d.-a).  

Laerd Statistics (2017) suggest that when utilizing IBM SPSS statistical software that the 

researcher identifies cases that have ±2.5 standard deviations, and that the highlighted 

cases be thoroughly investigated to assess for data entry error and plausibility of the 
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entered data (Portney & Watkins, 2015). For the purpose of the study, data that is 

identified by SPSS to be ±2.5 standard deviations will be retained if the entry is 

considered a plausible value or response.  

The SPSS case diagnostics revealed one case where the standardized residual 

value was greater than ±2.5 standard deviations, indicating one outlier in the data set 

(Field, 2013; Laerd Statistics, 2017). The outlier was thoroughly reviewed for 

misclassification for entry into the study, and potential data entry error (Portney & 

Watkins, 2015). Review of the original data was unremarkable. According to Field 

(2013), if more than 1% of the sample data contain outliers the proposed model is a poor 

fit of the sample data. With only 1 outlier out of a possible 144 cases this amounts to 

0.69% (1/144) of the sample data. Further support to retain the outlier comes from 

Portney & Watkins (2015) who state that there is “no statistical rationale for discarding 

an outlier” (pp.551), therefore, the outlier was maintained as part of the model.    

Goodness-of-fit in SPSS is assessed by the output “Omnibus Test”. The omnibus 

test in SPSS provides the overall statistical significance when the independent variables 

are included in the model. For the omnibus test, the criterion for acceptance is when p < 

.05, indicating a good fitting model. Additionally, the adequacy of the model may also be 

assessed by the Hosmer and Lemeshow statistic. If the significance value of the Hosmer 

and Lemeshow statistic is less than .05 this would indicate a poor fitting model (IBM, 

n.d.-b; Laerd Statistics, 2017). 

The first logistic regression model treated the variables as described above. The 

final model was created iteratively by analyzing the descriptive results of independent 

variables. The independent variables were considered statistically significant predictors if 
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the p value from the binary logistic regression output was < .05. To assess the ability of 

correctly classifying cases in the initial and final models, the receiving operative 

characteristic curve (ROC curve) will be used.  

The statistical software IBM SPSS was utilized to generate the ROC curve output 

for the final model. The ROC curve can be used to calculate the overall measure of 

discrimination by calculating the area under the curve (AUC) and is interchangeable with 

the concordance statistic (c-statistic) (Cao & Lopez-de-Ullibarri, 2019; Field, 2013; Hoo, 

Candlish, & Teare, 2017). No discriminating ability (no better than chance) is indicated 

by an AUC of ≤ 0.5 and greater values of AUC would indicate improved diagnostic 

power (Cao & Lopez-de-Ullibarri, 2019; Field, 2013; Hoo et al., 2017).  The following 

AUC cut-off points were used in the present study: 0.5 no discrimination; 0.5 to 0.7 poor 

discrimination; 0.7 to 0.8 acceptable discrimination; 0.8 to 0.9 excellent discrimination; 

≥ 0.9 outstanding discrimination (Hosmer, Lemeshow, & Sturdivant, 2013, as cited by 

Laerd Statistics, 2017).    

4. 8 Study Size Calculation 

To calculate the sample size for objective two, a minimum of 10 events per 

independent variable (EPV) is a suggested for prediction models that predict a binary 

outcome (Field, 2013; Peduzzi, Concato, Kemper, Holford, & Feinstem, 1996; van 

Smeden et al., 2019). Therefore, with seven independent variables a minimum sample 

size for the proposed binary logistic regression analysis is 70 patients. Perhaps more 

appropriately, some have suggested a minimum of 15-20 EPV to perform a logistic 

regression analysis (Austin & Steyerberg, 2017; Laerd Statistics, 2017), yielding a 

sample size of 140 patients for the proposed study. Therefore, a minimum of 20 EPV was 
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used to determine the minimum sample size required for the proposed binary logistic 

regression analysis. Additional support for this approach is provided by the American 

Journal of Epidemiology as long as statistical significance is found from the logistic 

model when at least five-to-nine EPV are included (Vittinghoff & McCulloch, 2007).   
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Section 5: Results 

5.1 Descriptive Statistics   

Male patients represented just over half (54.2%) of eligible CSORN patients in 

the Manitoba database. While there was a wide range for ages of patients (minimum age 

22 years old, maximum 86 years old), the mean was 52.5 years of age (SD = 17.7). The 

remaining variables of interest to the study contained missing values (Table 18). Out of 

1,152 possible data values only 29 data points were missing (29/1152 = 2.5%). To 

address the missing data values, IBM SPSS (Version 27, 2020) multiple imputation 

method was used. The procedure ran five multiple imputations for the missing values, 

and an aggregate data set was created.  

Table 18. Frequency table of valid patient responses. 

 Valid Missing 

Engagement 144 0 

Age 144 0 

Biological sex 144 0 

BMI 140 4 

Highest level of education 

completed 

139 5 

NRS 141 3 

ODI 143 1 

Narcotic pain medication 128 16 
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The average BMI was 29.8 (SD = 6.35), based on 144 unique respondents, which 

is considered overweight (CDC, 2017; WHO, 2021). The average NRS reported was 6.7 

(SD = 2.59) indicating a moderate level of pain (Boonstra et al., 2016), with an average 

ODI score of 56.7 (SD = 19.09), which is categorized as severe disability (Fairbank, J., 

Couper, J., Davies, J.B., O’Brien, 1980; Fairbank & Pynsent, 2000).  

The highest level of education completed by 35.4% (51/144) of the patients was 

College/University/Undergraduate degree. Over half (53.5%) of the patients in the 

Manitoba CSORN database report to using narcotic pain medication daily.  
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Table 19. Integral variable breakdown. 

 Percentile  

Age  Years of Age 

25th  37.3 

50th  50.5 

75th  67.0 

  BMI Score 

BMI 25th 24.9 

50th  28.9 

75th  33.3 

  NRS Score 

NRS 25th  5.0 

50th 7.0 

75th 9.0 

  ODI Score 

ODI 25th 44.0 

50th  58.0 

75th  71.8 
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Table 20. Categorical variable breakdown. 

  Frequency Percentage of 

respondents 

Biological Sex Female 66 45.8% 

 Male 78 54.2% 

Highest Level 

of Education 

Completed 

Less than high school 24 16.7% 

High school diploma 34 23.6% 

Technical school or Associate 

degree 

18 12.5% 

College/University/Undergraduate 

degree 

51 35.4% 

 

Post graduate or Professional 

degree 

17 11.8% 

Narcotic Pain 

Medication 

Never 35 24.3% 

Intermittent 32 22.2% 

Daily 77 53.5% 

 

A summary of the recategorized variables, from section 4.4.2, are presented on 

the table below (Table 21). The recategorized variables were entered into the final model 

in order to interpret their impact on the outcome variable (non-pharmacological, non-

surgical treatment engagement prior to elective thoracolumbar spine surgery).  
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Table 21. Recategorized study variables entered into the final logistic regression model. 

  Engagement  
 Years of Age Minimal-to-No Yes Total 
Age - 
Groups  

21-60 27 30.7% 61 69.3% 88 

 61-90 33 58.9% 23 41.1% 56 
Total Count 60 41.7% 84 58.3% 144 
       
NRS Remained as a continuous variable. 
       
ODI - 
Groups  

Minimal-to-
Moderate Disability 

14 45.2% 17 54.8% 31 

 Severe Disability 14 28% 36 72% 50 
 Debilitated (>60%) 32 50.8% 31 49.2% 63 
Total  60 41.7% 84 58.3% 144 
       
BMI - 
Groups  

BMI ≤ 24.9 8 22.2% 28 77.8% 36 

 BMI 25-29.9 25 53.2% 22 46.8% 47 
 BMI ≥ 30 27 44.3% 34 55.7% 61 
Total  60 41.7% 84 58.3% 144 
       
Education - 
Groups  

Less than HS 14 58.3% 10 41.7% 24 

 HS, Tech 
School/Associate 

Degree, 
College/Univ/Under-

Grad 

37 35.9% 66 64.1% 103 

 Post graduate or 
Prof. degree 

9 52.9% 8 47.1% 17 

Total  60 41.7% 84 58.3% 144 
       
Narcotic 
Pain 
Medication - 
Groups 

Never-to 
Intermittent 

27 40.3% 40 59.7% 67 

 Daily 33 42.9% 44 57.1% 77 
Total  60 41.7% 84 58.3% 144 
       
Biological 
Sex 

Female 30 45.5% 36 54.5% 66 

 Male 30 38.5% 48 61.5% 78 
Total  60 41.7% 84 58.3% 144 
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Patients younger in age (21-60 years of age) were more likely to engage with non-

pharmacological, non-surgical treatment when compared to patients in the older age 

category (61-90 years of age). In 2008, Lurie et al. discovered that American patients 

enrolled in the SPORT database who were older in age preferred a non-surgical approach 

to their back pain symptoms, while patients younger in age had a preference for an 

operative approach. The authors of the study suspected that the non-operative preference 

observed in the older age category was in part influenced by the perceived risk and 

recovery required for spine surgery. 

 The recategorization of the ODI variable for CSORN patients in Manitoba 

revealed that there appeared to be a clinical threshold that mobilized patients to engage in 

non-pharmacological, non-surgical treatment prior to elective spine surgery. Patients with 

a self-perceived minimal-to-moderate disability were nearly split in their reported 

engagement levels, followed by a pronounced increase in engagement (72% engagement) 

with patients belonging to the severe disability category, and subsequently fell 

precipitously for patients self-categorizing as debilitated (>60% ODI score), 49.2% 

engagement level. The observed clinical data may suggest that a patients’ perceived 

disability must negatively impact ones’ life enough for the individual to warrant non-

pharmacological, non-surgical treatment engagement, but not so much so that he or she 

may fell they require a more invasive approach.  

 The recategorization of the BMI data highlighted the anticipated trend in the 

supporting general spine pain literature from Davis, West, Weeks & Sirovich (2011) and 

Eleswarapu et al (2016), in that patients with lower BMIs would be more likely to engage 

with non-pharmacological, non-surgical treatments. The present study provides support 
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that the effect of BMI and non-pharmacological, non-surgical treatment engagement in 

the general spine pain population is also present in the surgical spine pain population for 

patients residing in Manitoba, Canada.  

 For the variables: NRS, education level completed, and prescription narcotic use 

no significant trends or associations were revealed in the iterative analysis of the CSORN 

data from Manitoba. Biological sex at birth displayed an inverted effect on engagement 

level that was in direct opposition with the present literature in the general spine pain 

population. Male patients eligible for an elective thoracolumbar spine surgery in 

Manitoba were unique in reporting higher levels of engagement with non-

pharmacological, non-surgical treatment in comparison to their female counterparts. 

Further research is required to understand this study finding.     

5.2 Outcomes   

Figure 4 provides a visual representation of the two categories for non-

pharmacological, non-surgical treatment engagement. Based on 144 unique respondents 

84/144 patients (58.3%) reported to engaging in non-pharmacological, non-surgical 

treatment prior to undergoing elective thoracolumbar spine surgery, while 60 patients 

(41.7%) reported minimal-to-no engagement with non-pharmacological, non-surgical 

treatment prior to undergoing elective thoracolumbar spine surgery. 
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Figure 4. Non-pharmacological, non-surgical engagement amongst CSORN patients.  

 

F	 = 	
#	$%	&'()*+,&	-.	&/012*	3-,4	+4/5/+,*5-&,-+

6$,/2	#	$%	&'()*+,&	-.	&/012*  = 78988 

Binary Logistic Regression - Models 

The initial model treated the independent variables as described in the 

aforementioned methods section. Age, NRS, ODI, BMI were entered into the binary 

logistic regression as continuous variables; highest level of education completed, and 

narcotic use were entered as categorical variables; and biological sex was treated as a 

binary variable. The initial logistic regression model was statistically significant, χ2(11) = 

22.63, p = .02, with further support of goodness-of-fit provided by the Hosmer and 

Lemeshow statistic which was p = .25. Of the seven independent variables only two were 

statistically significant: age, and BMI. Patients of older age (OR .965, 95% confidence 

interval [CI] .943-.987, p = .002) and higher BMI (OR .923, 95% CI .866-.983, p = .013) 

were associated with a decreased likelihood of engaging in non-pharmacological, non-

Engaged

Minimal	to	No	Engagement
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surgical treatment prior to elective thoracolumbar spine surgery in Manitoba, Canada. 

The area under the ROC curve for the initial model was .723 (95% CI, .636 to .811), 

which is an acceptable level of discrimination (Hosmer, Lemeshow, & Sturdivant, 2013, 

as cited by Laerd Statistics, 2017). 

The final model was achieved through an iterative process by investigating trends 

in the data, as previously described in section 4.4.2. The iterative process of analyzing 

trends in the study data allowed for the data to determine cut points and improved the 

clinical representation of the present study variables. As an example of the iterative 

process of analyzing for trends in the data, the independent variable “age” is described. 

The final iterative binary logistic regression model on the effects of patient 

reported age, NRS, ODI, BMI, highest educational level completed, prescription narcotic 

use, and biological sex on the likelihood of engagement in non-pharmacological, non-

surgical treatment prior to elective thoracolumbar spine surgery was performed. The final 

model was statistically significant, χ2(10) = 36.7, p < .000. The Hosmer and Lemeshow 

statistic was p = .370, indicating a good fitting model.  

Of the seven independent variables four were statistically significant: age, ODI, 

BMI, and biological sex (Table 22). Patients of older age (61-90 years of age) had 4.6 

times higher odds of minimal-to-no engagement in non-pharmacological, non-surgical 

treatment prior to elective thoracolumbar spine surgery in comparison to patients who 

were 21-60 years of age. Patients with an ODI score > 60% had 3.5 times higher odds of 

minimal-to-no engagement in non-pharmacological, non-surgical treatment prior to 

elective thoracolumbar spine surgery in comparison to patients that scored between 41-

60% on the ODI scale. The final iterative model also revealed that patients classified as 
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obese (BMI ≥ 30), and	overweight (BMI 25.-29.9) were 4.2 times and 6.8 times at 

higher odds of minimal-to-no engagement with non-pharmacological, non-surgical 

treatment prior to elective thoracolumbar spine surgery, respectively, compared to 

patients of normal weight (BMI ≤ 24.9). Lastly, female patients had 2.4 times higher 

odds of minimal-to-no engagement in non-pharmacological, non-surgical treatment prior 

to elective thoracolumbar spine surgery when compared to male patients.  

Table 22. Significant independent variables for minimal-to-no engagement in non-

pharmacological, non-surgical treatment prior to elective thoracolumbar spine surgery.  

Independent variable Multivariate Analysis 

OR 95% CI p 

Age (Ref: 21-60 years of age)    

 61-90 years of age 4.6 2.0 - 10.7 .000 

ODI (Ref: Severe disability)    

 Debilitated (> 60%) 3.5 1.4 – 9.2 .010 

BMI (Ref: BMI ≤ 24.9)    

 BMI 25.-29.9 6.7 2.2 – 20.9 .001 

 BMI ≥ 30 4.2 1.4 – 12.2 .009 

Biological sex (Ref: Male)    

 Female 2.4 1.0 – 5.6 .039 

Legend - ODI: Oswestry Disability Index; BMI: Body Mass Index. 
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For a complete list of the impact for all the independent variables in the final model, 

please refer to Appendix A.  

The area under the ROC curve for the final model was .782 (95% CI, .707 to 

.858), which is an acceptable level of discrimination (Hosmer, Lemeshow, & Sturdivant, 

2013, as cited by Laerd Statistics, 2017). 

Figure 5. ROC curve for the final model.  
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Section 6: Discussion 

The reported utilization rate for chiropractic services in the general population 

residing in Canada is between 10% to 11.7% (Beliveau et al., 2017), with utilization rates 

of physiotherapy services ranges between 8.4% to 11.6% (Shah, Milosavljevic, Trask, & 

Bath, 2019). One of the primary objectives of the present study was to determine the 

proportion of elective spine surgery patients who engage in non-pharmacological, non-

surgical treatment in the six-months prior to elective thoracolumbar spine surgery. While 

engagement with non-pharmacological, non-surgical treatment services amongst CSORN 

patients in Manitoba was high (58.3%) in comparison to the general population this was 

to be expected as all of the study patients reported experiencing back pain. A population-

based study in 2001 from Saskatchewan, Canada provides support that increased 

healthcare service utilization can be observed in the symptomatic spine pain population 

(Côté et al., 2001). Côté et al., (2001) reported that treatment utilization rate was 

approximately 46.5% (with a varying combination of physician, chiropractic and 

physiotherapy treatment) in a patient population (n = 215) experiencing neck or low back 

pain in Saskatchewan, Canada. Despite the utilization rates observed by CSORN patients 

from Manitoba, Canada, 41.7% of the patients were progressing to elective spine surgery 

despite displaying minimal-to-no engagement with non-pharmacological, non-surgical 

treatment. The present study finding provides additional support that non-

pharmacological, non-surgical treatment prior to spine surgery is underutilized in Canada 

(Johnson et al., 2015). 

Furthermore, the observed clinical progression in the present study is contrary to 

the generally accepted recommendation that a trial of non-pharmacological, non-surgical 
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treatment should precede spine surgery (Beyer et al., 2016), with further support from 

Airaksinen et al., (2006), and Porcet et al., (1999) stating that spine surgery is 

contraindicated if a trial of conservative management is absent from the patient history. 

Despite multiple guidelines recommending conservative management for back pain, non-

pharmacological, non-surgical treatment was not utilized by 41.7% of spine pain patients 

in Manitoba, Canada. A similar pattern of disconnect with utilization of guideline 

recommendations to undergo an extensive trial of non-operative treatment prior to 

surgery has been documented for hip and knee osteoarthritis management (Van Zaanen et 

al., 2020). This disconnect is also documented in a recent randomized clinical trial on 

shoulder injuries where the authors provided evidence that in most cases patients 

experiencing shoulder injuries should undergo a trial of non-operative treatment prior to 

considering an operative approach (Cederqvist et al., 2020). 

In 2008 Lurie et al. discovered that 67% of patients in the SPORT database 

preferred a surgical approach to treat back pain symptoms over non-operative 

management. The authors of the study found that physicians’ impacted patient 

intervention preference and that patients preferring surgical management for back pain 

symptoms expected harm from non-operative management, and believed that spine 

surgery would provide greater benefit (Lurie et al., 2008). The present study found that 

41.7% of CSORN patients eligible for an elective spine surgery in Manitoba have 

minimal-to-no engagement with non-pharmacological, non-surgical treatment prior to 

progressing towards a surgical date. It is possible that the present study finding is 

congruent with the discovery from Lurie et al. (2008) and that 41.7% of the Manitoba 

patients in the study are expressing their preference for surgical management.  
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A multitude of treatment options exist for back pain (Wilson, Pope, Roberts, & 

Crouch, 2014) and while the ACP-CPG (Qaseem et al., 2017) and the CCGI-CPG 

(Bussières et al., 2018) align with their evidence-based recommendations for back pain 

management, it has been documented in the literature that clinical uptake of back pain 

management guideline recommendations from healthcare providers is slow (Bishop et al., 

2010; Chou et al., 2018; Hall et al., 2019; Mesner, Foster, & French, 2016; Quon, 2016; 

Slade et al., 2015). The application of synthesized knowledge with the aim of improving 

services and capturing the benefit of research for improved health of all Canadian has 

been used as a definition for knowledge translation (KT) (Ospina et al., 2013). The 

current study findings may suggest that there may be a lack of KT on guideline 

recommendations for back pain management directed towards referring healthcare 

providers, spine surgeons and their trainees in Manitoba, Canada.  

Appropriate KT requires the correct form of implementation (Mesner et al., 

2016). According to a systematic review from Mesner et al. (2016), a “one-off” approach 

(i.e., educational outreach, 2-5 hours educational session/workshop with and without a 

local expert) to KT is unlikely to produce meaningful change in practice. A plausible 

explanation why the “one-off” approach is unsuccessful in KT is provided by Quon, 

(2016) where he states that KT requires a change in the healthcare providers beliefs and 

behaviors, and is unlikely to change from a relatively brief KT encounter. To overcome 

KT barriers Mesner et al. (2016) found that frequent, ongoing implementation 

interventions (i.e., educational sessions and feedback groups) are required to change 

practice patterns and improve patient care. The researchers admit that implementation to 

help improve clinical practice patterns is likely to be time consuming and costly, 
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requiring structural changes in the healthcare system and healthcare provider duties 

(Mesner et al., 2016).  

According to the literature, healthcare providers experience difficulty in routinely 

adhering to guideline informed care in back pain management for various reasons (Hall et 

al., 2019; Slade et al., 2015, 2016). This presents a major obstacle in optimizing CPG-

based care for back pain management as family physicians are primarily seen as 

gatekeepers of the medical system. Moreover, some clinicians have reported that they do 

not believe CPGs on back pain management are supported by evidence (Slade et al., 

2016), with some providers reporting a lack of confidence in providing education or 

advice for patients suffering with back pain symptoms (Hall et al., 2019; Slade et al., 

2016). These clinical inconsistencies are further magnified, and may serve as a 

hinderance in patient quality of care, in that patients report that physicians heavily 

influence their treatment preference when it comes to back pain treatment options (Lurie 

et al., 2008).    

The present studying finding, that 41.7% of patients eligible for elective spine 

surgery in Manitoba report minimal-to-no engagement with non-pharmacological, non-

surgical treatment, in addition to the existing obstacles associated with CPG congruent 

care for back pain management highlight the need for further refinement in our healthcare 

system to optimize the quality-of-care Canadians receive from healthcare providers. 

While Andersen and Newman (1973) have determined that healthcare system 

organization (structure and access) are the most difficult to assess, impact, and 

subsequently change, it is evident in the spine literature that the management and delivery 

of health services for patients suffering with back pain symptoms is far from optimal. The 
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province of Ontario in 2012 identified the inadequacies of their health delivery system 

and utilized evidence-based CPGs to help improve the quality of care for low back pain 

sufferers (Ontario Ministry of Health, 2018). The evidence-based clinics were termed 

Inter-professional Spine Assessment and Education Clinics (ISAEC). The healthcare 

providers, referred to as advanced practice clinicians, were composed of chiropractors 

and physiotherapists, ( Rampersaud, Bidos, Fanti, & Perruccio, 2017) reflecting clinical 

practice patterns, and is supported by the current evidence (Bishop et al., 2010; Bussières 

et al., 2018; Chevan & Riddle, 2011; Chou et al., 2018; Qaseem et al., 2017). According 

to an article published in The Spine Journal, the ISAEC shared-care model has improved 

clinical assessment, and resource utilization for patients suffering with low back pain in 

Ontario, Canada (Rampersaud et al., 2014) and has continued to expand, and includes 21 

ISAEC providers in Toronto, Hamilton, and Thunder Bay (Rampersaud et al., 2017).     

The secondary purpose of this study was to investigate: 1) patient characteristics 

(age, biological sex, BMI, educational level); 2) pain (NRS) and disability (ODI) 

measures; and 3) frequency of prescription narcotic use as predictors for non-

pharmacological, non-surgical treatment engagement amongst CSORN patients eligible 

for thoracolumbar spine surgery. Patient characteristics (age, biological sex, BMI, 

educational level), pain and disability measures, and frequency of prescription narcotic 

use as predictors for non-pharmacological, non-surgical treatment engagement prior to 

spine surgery in Canada was previously unknown. In the present study, the odds ratio 

estimate for patients who differ in one year of age is .965 when the age variable is treated 

as a continuous variable. In other words, with a one-year increase in age there is 3.5% 

lower odds of engaging in non-pharmacological, non-surgical treatment prior to 
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undergoing elective thoracolumbar spine surgery in Manitoba when compared to patients 

who are one-year younger in age. However, when age was categorized following the 

iterative model building process that allowed for trends in the data to determine how each 

independent variable should be treated, the OR revealed that patients 61-90 years of age 

had 4.6 times higher odds of minimal-to-no engagement in non-pharmacological, non-

surgical treatment prior to elective thoracolumbar spine surgery in comparison to patients 

who were 21-60 years of age. This study finding is consistent with previous reports that 

increasing age is associated with decreasing utilization rates for both chiropractic and 

physiotherapy treatment (Beliveau et al., 2017; Freburger et al., 2005). The present 

finding, when age is treated as a categorical variable, reveals that there is a dramatic 

difference in engagement in non-pharmacological, non-surgical treatment between 

patients who are younger than 60 years of age compared to those who are older than 60 

years of age. The finding may provide evidence of potential differences in treatment 

preference, perceptions, financial considerations, and ambiguity associated with non-

pharmacological, non-surgical treatments (Dagenais, 2013; Lurie et al., 2008; Ndegwa et 

al., 2018) between the two age categories.  

In the initial model, which treated age, NRS, ODI, and BMI as continuous 

variables, the disability measure (ODI) was not found to be statistically significant (p > 

.05). The categorization of the ODI variable highlighted that differences did exist 

between engagement in non-pharmacological, non-surgical treatment and varying ODI 

scores. The iterative model building process revealed that patients who scored between 

41-60% (perceived severe disability) on the ODI engaged in non-pharmacological, non-

surgical treatment more readily (72% engagement) than patients who perceived minimal-
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to-moderate disability (54.8% engagement), and those who perceived themselves to be 

debilitated, ODI score of > 60% (49.2% engagement). A plausible explanation for the 

present finding may be that patients who score > 60% on the ODI may perceive that their 

symptoms are too far gone for non-pharmacological, non-surgical treatment and that 

surgery is the more appropriate approach given their level of perceived disability (Lurie 

et al., 2008).    

From the final binary logistic regression model, it was revealed that BMI was also 

a statistically significant independent variable. Patients with a BMI > 24.9 were more 

likely to not engage in non-pharmacological, non-surgical treatment prior to elective 

thoracolumbar spine surgery. Potentially, Manitobans in the CSORN database with 

higher BMIs expect less symptom relief from non-surgical intervention which has been 

documented in previous literature (Eleswarapu et al., 2016). Eleswarapu et al (2016) 

found that a high BMI (obese category) was predictive for failure to achieve minimal 

clinically important difference (MCID) following physical therapy treatment for back 

pain. Contrary to the existing literature (Beliveau et al., 2017; Freburger et al., 2005; 

Gaumer, 2006; Weeks et al., 2015) the present study found that female patients in 

Manitoba, Canada had 2.4 times higher odds (95% CI 1.0 – 5.6, p = .039) of minimal-to-

no engagement in non-pharmacological, non-surgical treatment in comparison to male 

patients. The previous work demonstrating increased utilization of non-operative 

treatments exhibited by biological females, such as chiropractic and physiotherapy, were 

from the general spine pain population (Beliveau et al., 2017; Freburger et al., 2005; 

Gaumer, 2006; Weeks et al., 2015), whereas the current study population selection 

criteria only included patients who were surgical candidates. It is possible that the effect 
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of biological sex and utilization of non-operative treatments is diminished when one 

transitions from the general spine pain population category into the potential surgery 

category.  

The second hypothesis of the present study speculated that increasing age and 

BMI, along with daily prescription narcotic use would decrease the likelihood of 

engaging in non-pharmacological, non-surgical treatment. The current results of the data 

analysis demonstrated that this hypothesis held true for the predictors age and BMI. 

However, the predictor variable of prescription narcotic use was found to not be 

statistically significant. A potential explanation for the study finding may be that the 

group engaging in non-pharmacological, non-surgical treatment consisted of a mixture of 

patients seeing either a chiropractor, physiotherapist, or both. In the studies performed by 

Corcoran et al., 2019, Sun et al., 2018, and Whedon et al., 2020, the groups were 

distinctively composed of either chiropractic users or physiotherapy users. Potentially 

there is an effect on narcotic use and utilization of non-operative treatment when a patient 

utilizes both chiropractic and physiotherapy treatment. Moreover, the patients involved in 

the current study were enrolled in the CSORN database which may have selected for 

patients who have a preference for a surgical approach, which may require additional 

pharmacological support while waiting for a potential surgery. In a study investigating 

back pain due to a lumbar disc herniation and patient preference researchers discovered 

that patients who preferred operative intervention utilized more opiates (Lurie et al., 

2008). In the studies with non-surgical patients the inverse relationship between non-

operative treatment utilization and decreased use of opioids is present (Corcoran et al., 

2019, Sun et al., 2018, and Whedon et al., 2020), however, for a surgical population the 
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inverse relationship may be absent because patient symptoms may be too severe to not 

utilize supportive treatment in the form of narcotic pain medication.  

The second hypothesis predicted that increasing NRS, along with higher levels of 

education, would result in an increased likelihood of engaging in non-pharmacological, 

non-surgical treatment prior to elective thoracolumbar spine surgery. The work of Lurie 

et al. (2008) may help explain the present study findings of the NRS (pain) variable. 

Through the analysis of the SPORT data Lurie et al. (2008) discovered that patients with 

higher levels of pain preferred surgical intervention for their back condition. The patients 

in the current study may have exercised their preference and choice by seeking out a 

surgical consult and as a result entered into the CSORN database in Manitoba. The 

present study did not investigate patient surgical preference as the objective was to 

determine engagement in non-pharmacological, non-surgical treatment prior to elective 

thoracolumbar spine surgery. The prediction of the present study was based on literature 

on the general population of spine pain patients who may not have been progressing 

towards surgical intervention for their back pain, whereas in the present study analysis all 

patients were moving towards spine surgery on a future date.   

Lastly, the independent variable of highest education level completed was not 

found to be a statistically significant predictor for non-pharmacological, non-surgical 

treatment engagement prior to elective spine surgery. This may be due to the small 

sample size of the “less than high school” group. Lurie et al (2008) found that patients 

who preferred a surgical approach to their back pain symptoms had lower levels of 

education when compared to patients who preferred a non-operative approach. However, 

the present study had only 24 patients with less than a high school education.    
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The initial model treated the independent variables age, NRS, ODI, and BMI as 

continuous variables. The initial model was statistically significant (p =.02), with an 

AUC of .723 (95% CI, .636 to .811), and two independent variables being statistically 

significant: age and BMI. The final iterative model was also statistically significant (p = 

.000), with an AUC of .782 (95% CI, .707 to .858), with four independent variables being 

statistically significant: age, ODI, BMI, and biological sex. The final iterative model used 

trends in the data to dictate how each independent variable should be treated, and allowed 

for better representation of the study data, leading to an improved AUC. The 95% CI for 

the iterative model does not fall below .7, whereas the initial model 95% CI is .636-.811. 

With the final model, we can be 95% confident that the population value of the AUC is 

between .707-.858, which can be interpreted as acceptable to excellent discrimination, 

compared to the initial model that ranged from poor discrimination to excellent 

discrimination. As a result of the present study findings, the present study rejects the null 

hypothesis and accepts the alternative hypothesis.  

The results of the present study provide evidence that patients enrolled in the 

CSORN database in Manitoba, Canada eligible to receive thoracolumbar spine surgery 

reported experiencing moderate (Boonstra et al., 2016) levels of pain on average (NRS M 

= 6.7; SD = 2.59), with an age range of 22 to 86 years. Patients seeking non-

pharmacological, non-surgical treatment for back pain display similar NRS values 

(Manansala et al., 2019; Passmore et al., 2015; Skargren, Carlsson, & Öberg, 1998). It is 

notable that average NRS for patients seeking non-surgical and surgical treatment for 

back pain symptoms are similar as this suggests that a patients’ pain intensity may not be 

the sole impetus for choosing a surgical approach. Investigation of the present study data 
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reveals that 78% (113/144) of the patients in the CSORN database reported ODI scores 

that were ≥ 41% (severe disability). With three quarters of the study sample reporting 

severe disability or greater, this may explain the high proportion of patients reporting 

intermittent-to-daily use of narcotic pain medication (75.7%). The high ODI scores and 

use of narcotic pain medication reported in the present study my in part be related to the 

nature of the CSORN database. All patients in the CSORN database are considered 

surgical candidates and enrollment into the database may have selected patients that 

required more invasive forms of treatment. A follow up study may choose to investigate 

post-surgical outcomes for the present study sample as it has been reported that high ODI 

scores pre-surgery are associated with higher odds for an unfavourable outcome (Kim et 

al., 2020).      

A future study may choose to investigate the role of out-of-pocket expense and 

the structure of the healthcare system in Manitoba and how it may impact the patient 

decision-making processes in terms of medical intervention for back pain. In 1973 

Andersen & Newman revealed that utilization of healthcare services is a complex 

individual behavior. Many considerations contribute to the selection of medical treatment 

and perhaps the reason for engaging or not engaging in non-pharmacological, non-

surgical treatment for back pain relates to patient point of entry into the medical system, 

physician recommendation/influence, perceived importance of treatment, or insufficient 

financial means to access para-medical services before progressing to surgical spine 

intervention (Andersen & Newman, 1973; Carter & Rizzo, 2007; Chevan & Riddle, 

2011; Dagenais, 2013; Lurie et al., 2008; Ndegwa et al., 2018; Shekelle et al., 1995). 

Furthermore, geographical distribution of para-medical services, such as chiropractic and 
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physiotherapy clinics, could be examined to determine the impact of access and 

utilization for patients enrolled in CSORN. In 2019, Shah et al. discovered a positive 

correlation between physiotherapy use and the distribution of physiotherapists. A future 

study may choose to collect postal codes for CSORN patients and use public records of 

chiropractic and physiotherapy clinics in Manitoba to investigate CSORN patient 

proximity to non-operative treatment clinics in their region. A study of this design would 

help improve the current understanding of non-pharmacological, non-surgical treatment 

utilization and geographic distribution of such services. 

6.1 Limitations 

 The proposed study is retrospective, as such, the analysis is vulnerable to the 

limitations of a retrospective design. The intake forms and questionnaires were 

determined and agreed upon by the original CSORN collaborators, leaving no control on 

what type of information could be collected at the time of the present study analysis. 

Retrospective designs limit the ability to include and/or select variables that may have 

impacted non-pharmacological, non-surgical treatment engagement, such as, family 

physician influence on intervention preference, patient expectation and preference of 

treatment approach, perceived risk of treatment (operative or non-operative approach), 

patient income and patient insurance coverage for para-medical services. Information 

with regards to physician influence, patient preference and expectation, as well as 

insurance coverage, may have added valuable information as the aforementioned 

variables have been demonstrated to impact treatment choice in past studies (Andersen & 

Newman, 1973; Lurie et al., 2008). In addition, categorization of patient responses was 

pre-determined and limited the ability of the present study. For example, the question on 
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the patient intake form regarding non-pharmacological, non-surgical treatment in the last 

six-months (preceding the surgical assessment) limits the patient response to: 0 visits; 1-2 

visits; 3-30 visits; and ≥ 30 visits, for para-medical providers. A realistic trial of non-

pharmacological, non-surgical treatment likely requires several treatments over a number 

of weeks, with a treatment frequency range that is between 4 to eighteen visits (Childs et 

al., 2004; Eklund et al., 2018; Haas et al., 2014; Manansala et al., 2019; Passmore et al., 

2015). Improved categorization of non-pharmacological, non-surgical treatment 

frequency that reflects the current evidence on treatment dose could have improved the 

quality of the present study.   
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Section 7: Conclusion 

 The present study demonstrated that 41.7% of CSORN patients from Manitoba 

have minimal-to-no engagement with non-pharmacological, non-surgical treatment in the 

six-months prior to undergoing elective thoracolumbar spine surgery. This finding 

achieved the first objective set out by the study. The results of the final logistic regression 

model provides evidence for aspects of the second hypothesis in that patients older in age, 

with a high ODI and BMI, and female biological sex are at higher odds of having 

minimal-to-no engagement with non-pharmacological, non-surgical treatment prior to 

elective thoracolumbar spine surgery.  

The study findings revealed that the recommendation to undergo a trial of non-

pharmacological, non-surgical treatment prior to surgical intervention is not optimal. 

Secondly, concerted efforts are required to understand why biological females at birth, 

patients of older age, those that are overweight or obese, and perceive themselves as 

debilitated are less likely to engage in non-pharmacological, non-surgical treatment prior 

to elective thoracolumbar spine surgery in Manitoba, Canada. Further refinement of the 

CSORN data collected is required to elucidate other potential predictors, patient 

preferences and expectations from treatment (surgical or non-surgical) to better 

understand Manitoba’s spine pain population.   
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Appendix - A. Independent variables for minimal-to-no engagement in non-

pharmacological, non-surgical treatment prior to elective thoracolumbar spine 

surgery.  

Independent variable Multivariate Analysis 

OR 95% CI p 

Age (Ref: 21-60 years of age)    

 61-90 years of age 4.6 2.0 - 10.7 .000 

NRS 1.0 .886 – 1.2 .578 

ODI (Ref: Severe disability)    

 Min-to-moderate 2.7 .873 – 8.2 .085 

 Debilitated (> 

60%) 

3.5 1.4 – 9.2 .010 

BMI (Ref: BMI ≤ 24.9)    

 BMI 25.-29.9 6.7 2.2 – 20.9 .001 

 BMI ≥ 30 4.2 1.4 – 12.2 .009 

Education (Ref: HS, Tech)    

 Less than HS 2.1 .734 – 6.0 .166 

 Post-grad./Prof. 2.0 .553 – 7.3 .288 

Rx Narcotic Use (Ref: never-to-

intermittent) 

   

 Daily .653 .278 – 1.5 .327 

Biological sex (Ref: Male)    

 Female 2.4 1.0 – 5.6 .039 

Legend - ODI: Oswestry Disability Index; BMI: Body Mass Index; HS: High School. 
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Appendix - B. Strobe Checklist – Cohort Studies  

 Item 

No. 

Recommendation Page 

No. 

Title and abstract 1 (a) Indicate the study’s design with a 

commonly used term in the title or 

the abstract 

(b) (b) Provide in the abstract an 

informative and balanced summary 

of what was done and what was 

found 

p. i-iii 

Introduction 

Background/rationale 2 Explain the scientific background and 

rationale for the investigation being 

reported 

p.1-32 

Objectives 3 State specific objectives, including any 

prespecified hypotheses 

p. 33 

Methods 

Study design 4 Present key elements of study design 

early in the paper 

p. 36-

39 

Setting 5 Describe the setting, locations, and 

relevant dates, including periods of 

recruitment, exposure, follow-up, and 

data collection 

p.36-37 
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Participants 6 (a) Give the eligibility criteria, and the 

sources and methods of selection of 

participants. Describe methods of 

follow-up 

(b) For matched studies, give matching 

criteria and number of exposed and 

unexposed 

p. 38-

39 

Variables 7 Clearly define all outcomes, exposures, 

predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, 

if applicable 

p.41-57 

Data sources/ 

measurement 

8*  For each variable of interest, give 

sources of data and details of methods of 

assessment (measurement). Describe 

comparability of assessment methods if 

there is more than one group 

p.36-

37, 41-

57 

Bias 9 Describe any efforts to address potential 

sources of bias 

p. 58-

59 

Study size 10 Explain how the study size was arrived 

at 

p. 65-

66 

Quantitative variables 11 Explain how quantitative variables were 

handled in the analyses. If applicable, 

p. 45-

56 
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describe which groupings were chosen 

and why 

Statistical methods 12 (a) Describe all statistical methods, 

including those used to control for 

confounding 

(b) Describe any methods used to 

examine subgroups and interactions 

(c) Explain how missing data were 

addressed  

(d) If applicable, explain how loss to 

follow-up was addressed  

(e) Describe any sensitivity analyses 

 

p.60-65 

Results 

Participants 13* (a) Report numbers of individuals at 

each stage of study—e.g., numbers 

potentially eligible, examined for 

eligibility, confirmed eligible, 

included in the study, completing 

follow-up, and analysed 

(b) Give reasons for non-participation at 

each stage  

(c) Consider use of a flow diagram 

p. 36-

40  
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Descriptive data 14* (a) Give characteristics of study 

participants (e.g. demographic, 

clinical, social) and information on 

exposures and potential confounders  

(b) Indicate number of participants with 

missing data for each variable of 

interest  

(c) Summarise follow-up time (e.g., 

average and total amount) 

p.67-73 

Outcome data 15* Report numbers of outcome events or 

summary measures over time 

p.67- 

77, 117 

 

Main results 16 (a) Give unadjusted estimates and, if 

applicable, confounder-adjusted 

estimates and their precision (e.g., 

95% confidence interval). Make clear 

which confounders were adjusted for 

and why they were included 

(b) Report category boundaries when 

continuous variables were 

categorized 

(c) If relevant, consider translating 

estimates of relative risk into 

p.73-77 
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absolute risk for a meaningful time 

period 

Other analyses 17 Report other analyses done—e.g. 

analyses of subgroups and interactions, 

and sensitivity analyses 

N/A 

Discussion 

Key results 18 Summarise key results with reference to 

study objectives 

p. 78-

89 

Limitations 19 Discuss limitations of the study, taking 

into account sources of potential bias or 

imprecision. Discuss both direction and 

magnitude of any potential bias 

p.89-90 

Interpretation 20 Give a cautious overall interpretation of 

results considering objectives, 

limitations, multiplicity of analyses, 

results from similar studies, and other 

relevant evidence 

p.91 

Generalisability 21 Discuss the generalisability (external 

validity) of the study results 

p.78-

79, 81- 

82, 91  

Other information 

Funding 22 Give the source of funding and the role 

of the funders for the present study and, 

p.91 
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if applicable, for the original study on 

which the present article is based 
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Appendix – C. Thoraco-lumbar initial patient assessment 
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Appendix – D. List of diagnoses for patients eligible to receive spine surgery 

Principle Pathology 

 

 

 

 

 


