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ABSTRACT 

Background: Neurological pain is a leading public health challenge. Two common 

cervical neurological conditions are myelopathy and radiculopathy, caused by 

compression and inflammation of the spinal cord, or a cervical nerve root, respectively. 

Patients are often treated with nonoperative and operative interventions; however, some 

patients do not experience satisfactory clinical outcomes. Aim: To investigate the 

association of preoperative analgesic medications (Muscle Relaxants, Neuroleptics, 

Narcotics, Over-the-Counter medications, and NSAIDs) with postoperative neck/arm 

pain and disability. Study Design: Longitudinal and retrospective analysis of 539 

patients with cervical radiculopathy and 609 patients with cervical myelopathy. Data 

Analysis: Propensity score models using inverse probability weighting and regression 

adjustments were performed to determine the effects of preoperative analgesics on 

postoperative clinical outcomes. Results: Preoperative analgesics had no clinically 

relevant effects on postoperative pain or disability. However, decision-making around 

analgesic use is complex and the long-term effects on patients’ overall health should be 

considered.
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Chapter 1: Introduction 

Neurological pain is a leading public health challenge, affecting the quality of life and 

socioeconomic well-being of 6.9-10% of the adult population. Two common cervical 

neurological conditions are myelopathy and radiculopathy, caused by compression and 

inflammation of the spinal cord, or a cervical nerve root, respectively.  

 

Etiologically, cervical radiculopathy originates from mechanical or chemical injury to the 

spinal nerve root by a herniated or degenerated disc or spondylosis, in the cervical spine 

(Eubanks, 2010; Magnus et al., 2021; Rothman & Winkelstein, 2007).  Symptomatically, 

patients often complain of experiencing sensory and/or motor weakness, decreased 

reflexes, and pain radiating from neck to their arms, chest, upper back, and shoulders 

(Iyer & Kim, 2016; Magnus et al., 2021). On the other hand, patients with cervical 

myelopathy suffer from compression of their spinal cord, due to narrowing of the spinal 

canal, as a result of herniated disc, spondylosis, or stenosis (McCartney et al., 2018). 

Symptomatically, cervical myelopathy patients often complain of bilateral neurological 

deficits like numbness, tingling, decrease in strength in hands/feet, clonus, unbalanced 

gait, bowel/bladder issues; however, they may or may not present with neck pain 

(McCartney et al., 2018). 

 

Patients with radiculopathy and myelopathy are often treated with non-operative 

therapies such as physical therapy, pharmaceuticals, as well as surgical interventions 

(Galbraith et al., 2011). Pharmaceutical drugs include oral analgesics, non-steroidal anti-

inflammatory drugs (NSAIDs), opioids, antidepressants, muscle relaxants, and 
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neuroleptics (Childress & Becker, 2016; Eubanks, 2010; Iyer & Kim, 2016; Todd, 2011). 

According to the North American Spine Society (NASS), guidelines on pharmacological 

treatment for management of cervical radiculopathy is inadequate (Onks & Billy, 2013). 

Significant side-effects can occur as a result of these medication, including weight gain, 

osteoporosis, ulcers, sedation, depression and abuse of the prescribed medication (Todd, 

2011).  

 

We have previously found associations between preoperative medication use and 

postoperative outcomes for patients undergoing surgery for lumbar spinal stenosis 

(Hébert et al., 2020) and lumbar radiculopathy (submission in preparation). In the 

proposed study, we are looking to advance these findings by evaluating these 

relationships in a wider sample of patients with nerve-mediated pain and disability (i.e., 

radiculopathy and myelopathy) arising from all sources of spinal degeneration. 

 

This study aims to understand the impact of preoperative analgesics use on postoperative 

clinical outcomes for patients with cervical myelopathy and radiculopathy. Our main 

objective is to estimate the effects of preoperative analgesic(s) use (i.e., over the counter 

medications, non-steroidal anti-inflammatory drugs (NSAIDs), muscle relaxants, 

neuroleptics, and opioids), on postoperative clinical outcomes (i.e., pain and disability) at 

3 and 12 months, for patients undergoing surgery for cervical radiculopathy and 

myelopathy. 
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This study could be valuable in helping patients and their healthcare providers better 

understand the relationship between different analgesics used and its impact on 

postoperative clinical outcomes of pain and disability, in patients with cervical 

radiculopathy and myelopathy.  

Literature Review 

Impact of Neurological pain 

Neurological pain is a leading public health challenge, affecting the quality of life and 

socioeconomic well-being of 6.9-10% of the adult population (van Hecke et al., 2014). 

Neck pain is the second most frequent musculoskeletal condition after back pain (Binder, 

2007). In Canada, chiropractors receive about 30% of cases related to neck pain (Binder, 

2007). Individuals with neck pain and its associated disorders (NAPD) usually experience 

headaches, arm/back pain, and temporomandibular pain (Cassidy & Côté, 2008). It can 

be burdensome for the patient as it would impact not only their physical health but also 

their psychological, social, and financial health.  

 

Neck pain can be a source of problems not just for the patient but also for their employers 

and the health care system. A study done in Netherlands in 1996 estimated that the total 

cost of neck pain to be US $686 million, with US $160 million used for direct care cost 

and a substantial proportion for indirect cost. For example, the indirect cost of workplace 

absenteeism resulted in 185.4 million and disability cost the most at US$341 in 1996 

Netherlands (Borghouts et al., 1999).  
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Additionally, neck pain and mental health are common comorbidities that impact the 

quality of life (Côté et al., 2003; Xu et al., 2020). A large-scale national survey from 

China (n=28,140) by Xu et al., (2020), reported that 23.9% of the respondents suffered 

from mental disorders such as mood and anxiety disorder and substance 

abuse/dependence, along with chronic back and neck pain (Xu et al., 2020).  

Apart from economic and mental health impacts, psychosocial aspects can also be 

associated with the development and coping of neck pain (Hurwitz et al., 2006). 

Although further knowledge is needed on how patients cope with neck pain, patients with 

better support systems had a better clinical reduction in pain and disability (Côté et al., 

2003; Hurwitz et al., 2006). 

 

Cervical myelopathy and radiculopathy 

Etiology 

Two common cervical neurological conditions are myelopathy and radiculopathy, caused 

by compression and inflammation of the spinal cord, or a cervical nerve root, 

respectively.  

 

Cervical radiculopathy is caused by pinching of cervical nerve root, with C-7 nerve root 

most commonly impacted (Álvarez Pinzón & Krill, 2018). Cervical radiculopathy 

originates from mechanical or chemical injury to the spinal nerve root by a herniated or 

degenerated disc or spondylosis in the cervical spine (Eubanks, 2010; Magnus et al., 

2021; Rothman & Winkelstein, 2007).  Symptomatically, patients often complain of 

experiencing sensory and/or motor weakness, decreased reflexes, and pain radiating from 
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neck to their arms, chest, upper back, and shoulders (Iyer & Kim, 2016; Magnus et al., 

2021). 

 

On the other hand, patients with cervical myelopathy suffer from compression of their 

spinal cord, due to narrowing of the spinal canal, as a result of herniated disc, cervical 

degeneration, degenerative cervical spine, spondylosis, or stenosis (Baptiste & Fehlings, 

2006; McCartney et al., 2018). Symptomatically, patients with cervical myelopathy often 

complain of bilateral neurological deficits like numbness, tingling, decrease in strength in 

hands/feet, clonus, unbalanced gait, bowel/bladder issues; however, they may or may not 

present with neck pain (McCartney et al., 2018). 

 

Along with aging and degeneration (wear and tear), there are several conditions that can 

lead to the development of cervical myelopathy and radiculopathy, such as disc 

herniation, spondylosis, and spinal stenosis.  

 

Cervical Disc Herniation 

Disc herniation, also referred to as “slipped disk” or “ruptured disk”, occurs when the 

annulus fibrosus ( a dense ring containing nucleus pulposus) is damaged and displaced 

from its normal intervertebral space (Adams et al., 1986; Dydyk et al., 2022; Wheeler, 

2021). There are four stages to disc herniation: disc protrusion, subannular extrusion, 

transannular extrusion, and sequestration (Weiner & Patel, 2008).  
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The herniated disc can compress on the spinal cord and nerves resulting in burning or 

stinging pain sensations and functional decline (Dydyk et al., 2022). The most common 

cause of cervical disc herniation is aging followed by trauma. As one ages, the nucleus 

pulposus becomes progressively dehydrated and weak, resulting in a herniated disc 

(Dydyk et al., 2022). A prolapse or herniation could be indicative of an annulus rupture 

with nucleus material in the spinal canal, leading to inflammation and radiating pain 

(Weiner & Patel, 2008). Lumbar and cervical spine (C6-C7) regions are at higher risk of 

herniated disc than thoracic spine (Dydyk et al., 2022).  

 

Cervical Spondylosis  

Cervical spondylosis is becoming more prevalent, especially in societies with a growing 

aging population (Yonenobu, 2000). Over 85% of adults aged 60 or older are affected by 

cervical spondylosis, though it can also be triggered by trauma to the cervical spine 

(Cervical Spondylosis - Symptoms and Causes, 2022; Ferrara, 2012). As one ages, the 

spine progressively degenerates, including the intervertebral discs and facet joints, which 

connect the vertebrates (Shedid & Benzel, 2007). This results in loss of height of the 

ventral cervical spine and compression of the nerves and blood vessels (Ferrara, 2012). 

These events compromise the structural integrity of supportive soft tissues, leading to the 

bulging of discs and ligaments around the spinal segment. This further leads to more load 

placed on the facet joints and eventually results in osteophytes formation (i.e., bone 

spurs) to counter the extra load. Patients with cervical spondylosis can experience neck 

pain and stiffness (Cervical Spondylosis - Symptoms and Causes, 2022). The loss of disc 

height and development of osteophytes can result in numbness, pain, and chronic motor 
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and/or sensory deficits in arms and legs and even loss of bladder or bowel control 

(Cervical Spondylosis - Symptoms and Causes, 2022; Ferrara, 2012). 

 

Cervical Stenosis 

Cervical Stenosis is the narrowing of the of the spinal canal which effectively compresses 

the spinal cord. Bone spurs can compress the nerve roots, contributing to the narrowing 

of the spinal canal. As we age, the spinal discs dry out, creating space between the 

vertebrae, and the bones and ligaments lose their elasticity (Cervical Spine – Anatomy, 

Diseases and Treatments, 2021). Apart from the normal process of aging and congenital 

causes of stenosis, other factors such as poor posture, injury, infectious diseases, systemic 

conditions (i.e., inflammatory diseases, calcium metabolic disorders, etc.) can also trigger 

degeneration of the spine, leading to cervical stenosis (Cervical Spine – Anatomy, 

Diseases and Treatments, 2021; Stafira et al., 2003). Patients with cervical stenosis often 

complain of neck or arm pain, numbness, weakness, loss of muscle tone and coordination 

in arms, as well as loss of steadiness in legs. Cervical stenosis is the most common cause 

of cervical myelopathy in patients over 50 years (Melancia et al., 2014). 

 

Prevalence 

Cervical pain is a common condition that one could experience in their lifetime, affecting 

up to two-thirds of the population. Cervical pain is also more common in educated 

individuals with headaches, low back pain, and previous traumatic injury to the head 

(Todd, 2011). Cervical spondylotic myelopathy (CSM) is the leading cause of non-

traumatic cervical injury in older adults aged 55 or older (W. F. Young, 2000). Incidence 

of CSM is estimated to be 4 per 100,000 person-years (Nouri et al., 2015). Whereas, 
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incidence of cervical radiculopathy is estimated to be at 83 per 100,000 people being 

affected annually (Todd, 2011). Cervical radiculopathy is more common in urban 

populations of high-income countries, especially in office and computer workers (Hoy et 

al., 2010). Manual labor, such as heavy lifting or operating vibrating machines can also 

increase the risk of cervical radiculopathy (Magnus et al., 2021). Additionally, women, 

age 35-49 years, are more susceptible to cervical radiculopathy than men (Hoy et al., 

2010). Risk factors include previous diagnosis of lumbar radiculopathy, cigarette 

smoking, Caucasian heritage, diving from a board, and playing golf (Iyer & Kim, 2016). 

 

Treatment/Therapy 

In order to restore function and alleviate pain, non-operative therapies such as physical 

therapy and oral analgesics are the considered as the standard treatments for patients with 

cervical radiculopathy (Galbraith et al., 2011; Todd, 2011). Although cervical 

myelopathy is an emergent condition prompting surgical intervention, patients may be 

prescribed analgesic at some point before the surgery. Pharmaceutical drugs include oral 

analgesics, non-steroidal anti-inflammatory drugs (NSAIDs), opioids, muscle relaxants, 

and neuroleptics (Childress & Becker, 2016; Eubanks, 2010; Iyer & Kim, 2016; Todd, 

2011). According to the North American Spine Society (NASS), guidelines on 

pharmacological treatment for management of cervical radiculopathy is inadequate (Onks 

& Billy, 2013). Significant side-effects can occur as a result of these medication, 

including weight gain, osteoporosis, ulcers, sedation, depression and abuse of the 

prescribed medication (Todd, 2011).  
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If symptoms are not relieved by non-operative methods, surgical measures may be 

needed. Cervical anterior and posterior decompression and fusion surgeries could be 

helpful; however, they could lead to adjacent segment degeneration – an increased 

degeneration at adjacent to the fusion (Seo & Choi, 2008; Todd, 2011). Some studies 

report that there might be no significant difference between surgical and non-surgical 

treatments (Todd, 2011). Since the majority of patients improve with non-operative 

management of cervical radiculopathy, early surgical intervention should be considered if 

patient shows concerning signs or symptoms during the observation period, such as 

‘progressive neurological deficits, myelopathy, and fractures’ to name a few (Iyer & 

Kim, 2016). Other studies recommend an earlier surgical intervention for better patient 

post-surgical outcomes. Patients with cervical myelopathy who went underwent surgery 

earlier had better outcomes compared to patients who waited longer (Galbraith et al., 

2011). Patients who had a surgical intervention within 6 months had significantly reduced 

arm pain scores compared to patients who waited longer (Burneikiene et al., 2015). 

Another study supported better patient outcomes if a surgical intervention was performed 

before 8 weeks from the onset of cervical radiculopathy signs and symptoms (Alentado et 

al., 2014).  

 

Clinical Outcome Measures 

Several tools can be used to assess the physical and mental effects associated with 

cervical radiculopathy and myelopathy. Along with imaging of the cervical spine, a 

physician evaluates their patient with neck pain through a detailed physical exam and the 

area, quality, duration of pain along with worsening and alleviating factors are considered 
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along with other factors (Todd, 2011). Questionnaires are helpful in quantifying the pain 

intensity, disability, and overall impact on health (Todd, 2011).  

 

Neck Disability Index (NDI) 

The Neck Disability Index questionnaire is a patient-reported outcome measure to assess 

cervical disability (Joseph & Palappallil, 2017; MacDermid et al., 2009; Vernon & Mior, 

1991). It consists of 10-items, where patient rate the difficulty of 10 functional status 

(i.e., driving, reading, lifting, headaches, pain, etc.). Each question is scored from 0-5, 

with a total score from 0 to 100 and higher values indicating greater disability 

(MacDermid et al., 2009; Vernon & Mior, 1991). NDI was administered preoperatively at 

baseline, and postoperatively at 3 months and 12 months. 

 

NDI has a high reliability, validity and responsiveness in patients with chronic pain, 

including cervical radiculopathy (MacDermid et al., 2009). The NDI has a minimal 

detectable change (MDC) of 13.4 points and a minimal clinically important difference 

(MCID) of 8.5 points in patients with cervical radiculopathy (Pool et al., 2007; Vernon & 

Mior, 1991; I. A. Young et al., 2010). 

 

Numeric Pain Rating Scale (NPRS) 

Numeric Pain Rating Scale is a patient-reported outcome measure. It consists of an 11-

point numeric pain rating scale to measure neck pain intensity (Pool et al., 2007). NPRS 

assessed the overall neck and arm pain intensity in the preceding 24 hours. NPRS was 

measured preoperatively at baseline, and postoperatively at 3 and 12 months. The NPRS 
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represented a Likert scale ranging from 0 (‘no pain) to 10 (‘unbearable pain’) for neck 

and arm pain intensity level.  

 

In a systematic review to assess the psychometric properties of NPRS for neck pain, 

NPRS had good-to-excellent test-retest reliability (correlation coefficient of 0.58 to 0.93) 

when retested within 4 weeks (Modarresi et al., 2022). They also reported clinically 

important difference (CID) of 1.5-2.5 points and minimum detectable change (MDC) of 

2.6 to 4.1 points for NPRS in patients with cervical pain (Modarresi et al., 2022; Pool et 

al., 2007; I. A. Young et al., 2010). A minimum of 35% reduction on the NPRS is needed 

for patients with chronic spinal cord injury to experience a change in their pain intensity 

(Hanley et al., 2006). NPRS is practical to implement and shows suitable responsiveness 

as an outcome measure (Modarresi et al., 2022; I. A. Young et al., 2010). NPRS has also 

been shown to moderately associate with NDI, with r = 0.48 to 0.54 (Modarresi et al., 

2022). 

 

Potential Outcome Predictors 

Patients with cervical radiculopathy and myelopathy are exposed to pharmaceutical drugs 

such as over-the-counter medications, muscle relaxants, non-steroidal anti-inflammatory 

drugs (NSAIDSs), opioids, and neuroleptics (Childress & Becker, 2016; Eubanks, 2010; 

Iyer & Kim, 2016; Todd, 2011). 

 

Neuroleptics (such as Gabapentin and Pregabalin) are commonly used, especially with 

patients with radiculopathy to treat neuropathic pain (Todd, 2011). We have previously 
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found associations between preoperative medication use and postoperative outcomes for 

patients undergoing surgery for lumbar spinal stenosis (Hébert et al., 2020) and lumbar 

radiculopathy (submission in preparation). In the aforementioned longitudinal analysis of 

prospective data with Lumbar Spinal Stenosis patients (N=529), patients using anti-

convulsant medications (i.e., neuroleptics) before surgery were more likely to experience 

poor leg pain outcome after surgery. A systemic review on the use of anticonvulsants for 

low back and radicular pain found moderate to high-quality evidence that it is ineffective 

in managing chronic back/leg pain and disability; and high-level evidence that 

gabapentinoids (i.e., gabapentin and pregabalin)  have more adverse events such as 

drowsiness, dizziness, and nausea (Enke et al., 2018). In a double-blind, randomized 

controlled trial, pregabalin and active placebo faired similar results in patients with 

neurogenic claudication (Markman et al., 2015). Even though neuroleptics are not useful 

in treating all neuropathic pain, they are often prescribed for chronic low back pain 

(Markman et al., 2015). Therefore, it is important to understand the use of neuroleptics 

before surgery and its potential influence on postoperative clinical outcomes (pain, 

disability, and satisfaction) in patients with cervical radiculopathy and myelopathy. 

 

According to the Canadian Community Health Survey (CCHS) of 2018, 3.7 million 

Canadians reported using opioid pain relievers in the past year (Government of Canada, 

2019). Opioids are Narcotics or opioids when used for a short duration can alleviate pain. 

However, they don’t work as well in the long-term, even at increased dosages (Todd, 

2011). Chronic use of opioids can lead to dependency/substance abuse and depression 

along with sedation, constipation, hypoventilation  (Jain et al., 2018; Todd, 2011). 
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Chronic opioid therapy (COT) can also result in tolerance of opioids, where the patient 

needs more opioids to alleviate pain. Another paradoxical side-effect of COT is the 

development of opioid-induced hyperalgesia (OIH), where the patient becomes more 

sensitive to pain. The precise mechanism for this phenomenon is not well understood, 

however, neuronal plastic changes in the spinal cord may play a role in OIH (M. Lee et 

al., 2011; Mao et al., 1995). A prospective cohort study with 583 patients undergoing 

spine surgery found that increased preoperative opioid use was significantly linked with 

increased opioid dependence 1 year after surgery (Armaghani et al., 2014). Increase use 

of preoperative opioid use is a significant predictor of increase Neck Disability Index 

score; decreased patient-reported EuroQol-5D score and 12-Item Short-Form Health 

Survey, for both physical and mental component, when assessed 1 year after surgery 

(Jain et al., 2018; D. Lee et al., 2014). Patients with pre-existing mental illness such as 

depression and anxiety are significantly linked with increased narcotic use before surgery 

(Armaghani et al., 2013). Substance use in patients with mood and anxiety disorders 

could be a form of self-medication to alleviate the symptoms of the mental illness 

(Manning, 2015; National Institute of Health, 2008). Hence, a psychological and 

substance use evaluation, and counselling on minimizing opioid use is suggested in 

patients prescribed opioid prior to spine surgery (Armaghani et al., 2013, 2014). Due to 

disturbance in pain perception and threshold associated with opioids, preoperative opioid 

use could influence postoperative clinical outcomes (of pain, disability, and patient 

satisfaction).  
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Muscle relaxants are also commonly used, however, similar to narcotics, it can lead to 

dependency/substance abuse or depression (Todd, 2011). NSAIDS and over the counter 

drugs such as aspirin and ibuprofen are other common and cost-effective choices to 

alleviate neck pain in cervical patients. However, a subset of patients suffering from 

increased cardiac risk cannot use NSAIDS and other who do may experience side-effects 

such as nausea, gastric ulcers and even kidney disorders (Todd, 2011).  

 

Knowledge Gap 

There is a lack of literature on the effects of different medications used before surgery, 

especially in patient populations with cervical myelopathy and radiculopathy. Based on 

previous associations between preoperative medication use and postoperative outcomes 

for patients undergoing surgery for lumbar spinal stenosis (Hébert et al., 2020) and 

lumbar radiculopathy (submission in preparation), we are looking to advance these 

findings by evaluating these relationships in a wider sample of patients with nerve-

mediated pain and disability (i.e., radiculopathy and myelopathy) arising from all sources 

of spinal degeneration.   

 

Due to the disturbance in pain perception and threshold observed in patients using opioid 

and neuroleptic before surgery, we are exploring other medication (such as muscle 

relaxants, NSAIDS, and over the counter drugs), and their possible association with 

postoperative clinical outcomes of pain and disability. 
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Mini Abstract/Précis 

We estimated the effect of preoperative analgesics on postoperative pain/disability 

outcomes in patients with cervical myelopathy and radiculopathy. Preoperative analgesics 

had no clinically relevant effects on postoperative pain or disability. Even though a 

statistically significant reduction in arm pain was seen at 3 months post-surgery for 

patients with cervical radiculopathy and myelopathy, who consumed narcotics and 

muscle relaxants, respectively, these effects were clinically insignificant. 
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ABSTRACT 

Study Design: Retrospective cohort study 

Objective: To estimate the effect of preoperative analgesic use on postoperative pain and 

disability outcomes in patients with cervical myelopathy and radiculopathy. 

Summary of Background Data: There is limited knowledge about the effects of 

preoperative analgesics on postoperative arm/neck pain and disability outcomes. 

Methods: We included data from patients enrolled in the Canadian Spine Outcomes and 

Research Network (CSORN), who had undergone surgery for degenerative cervical 

myelopathy and radiculopathy. Patients reported if they used preoperative analgesics over 

the last 6 months. The study outcomes were neck pain-related disability, neck pain, and 

arm pain, measured pre-surgery and 3- and 12- months post-surgery. Disability was 

measured using the 0 – 100 Neck Disability Index (NDI), and neck/arm pain intensity 

were measured using 0 – 10 numeric pain rating scales. We applied propensity score 

models using inverse probability weighting and regression adjustment to account for 

potential confounding due to age, sex, education level, smoking, depression risk, and 

baseline pain or disability. 

Results: We included data from 539 patients with cervical radiculopathy (44.16% 

female; mean age 51.11[SD 9.64] years) and 609 patients with cervical myelopathy 

(38.92% female mean age 59.24[SD 12.04] years). Preoperative analgesic use did not 

affect neck pain and disability measured at 3-months for both population groups. 

However, compared to non-users, patients with cervical radiculopathy who consumed 

narcotics reported less arm pain (mean difference[95%CI] = -0.54 [-0.97 to -0.11]) 3-

months post-surgery. Similarly, patients with cervical myelopathy who consumed muscle 
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relaxants (-0.61[-1.09 to -0.13]) reported reduced arm pain, 3-months post-surgery. There 

were no effects of preoperative analgesics on 12-month outcomes of neck pain, arm pain, 

and disability for both population groups. 

Conclusion: Preoperative analgesics had no clinically relevant effects on postoperative 

pain or disability. However, decision-making around analgesic use is complex and the 

long-term effects on patients’ overall health should be considered. 
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Key Points 

• When controlling for demographic and clinical factors, preoperative analgesics 

did not have clinically relevant effects on postoperative neck pain, arm pain, or 

disability. 

• While there were small reductions in arm pain at 3 months post-surgery for 

patients who consumed narcotics in the cervical radiculopathy cohort and with 

muscle relaxant use in the cervical myelopathy cohort, these effects were not 

clinically significant. 

• Decision-making around analgesic use is complex and requires the patient and 

physician to consider the long-term effect on patients’ overall health. However, 

our study indicates that analgesics do not have a negative impact on postoperative 

pain or disability. 
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Introduction 

Cervical myelopathy and cervical radiculopathy are common neurological conditions 

caused by the compression and inflammation of the spinal cord or a cervical nerve root, 

respectively. Etiologically, cervical radiculopathy originates from mechanical or 

chemical injury to the spinal nerve root by a herniated or degenerated disc or spondylosis 

in the cervical spine region (Eubanks, 2010; Magnus et al., 2021; Rothman & 

Winkelstein, 2007). Symptomatically, patients often complain of experiencing sensory 

and/or motor weakness, decreased reflexes, and pain radiating from the neck to their 

arms, chest, upper back, and shoulders (Iyer & Kim, 2016; Magnus et al., 2021). On the 

other hand, patients with cervical myelopathy suffer from spinal cord compression, due to 

spinal canal narrowing, as a result of disc herniation, spondylosis, or stenosis (McCartney 

et al., 2018). Symptomatically, patients with cervical myelopathy often complain of 

bilateral neurological deficits like numbness, tingling, decrease in strength in hands/feet, 

clonus, unbalanced gait, and bowel/bladder issues; however, they may or may not present 

with neck pain (McCartney et al., 2018). 

 

Patients with radiculopathy and myelopathy are often exposed to nonoperative therapies 

including pharmaceuticals before surgical interventions (Galbraith et al., 2011). Patients 

may be prescribed pharmaceutical drugs, including over-the-counter medications, non-

steroidal anti-inflammatory drugs (NSAIDs), opioids, muscle relaxants, and neuroleptics 

(Childress & Becker, 2016; Eubanks, 2010; Iyer & Kim, 2016; Todd, 2011). However, 

according to the North American Spine Society (NASS), guidelines on pharmacological 

treatment for managing patients with cervical radiculopathy are inadequate (Onks & 
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Billy, 2013). Additionally, significant side effects can occur as a result of these 

medications, including weight gain, osteoporosis, ulcers, sedation, depression and abuse 

of the prescribed medication (Todd, 2011). 

 

Several studies have found a negative association between preoperative analgesic use and 

postoperative clinical outcomes. Patients undergoing cervical fusion who consumed 

narcotics before surgery experienced worse functional outcomes than patients not taking 

narcotics (Lawrence et al., 2008). Another longitudinal study of patients undergoing 

lumbar spinal stenosis surgery indicated that patients who consumed anticonvulsants had 

more leg pain post-surgery (Hébert et al., 2020). Additionally, opioid use in patients 

undergoing anterior cervical discectomy and fusion (ACDF) was predictive of poor 

disability outcome 2 years post-surgery (Hébert et al., 2022). 

 

This study aimed to understand the impact of preoperative analgesic medications on 

postoperative clinical outcomes for patients with cervical myelopathy and radiculopathy. 

Specifically, our objective was to estimate the effects of preoperative analgesics (over-

the-counter medications, non-steroidal anti-inflammatory drugs (NSAIDs), muscle 

relaxants, neuroleptics, and opioids) on pain and disability, 3 and 12 months after 

surgery, for patients with cervical radiculopathy and myelopathy. 

Methods 

Study design and participants 

We employed a retrospective cohort study design using de-identified data from patients 

enrolled in the Canadian Spine Outcomes and Research Network (CSORN) registry. The 
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CSORN is a multicenter research network consisting of Canadian spine surgeons and 

rehabilitation specialists advancing care for patients with spinal disorders. The CSORN 

registry collects longitudinal data from patients undergoing spine surgery. Clinical 

outcome data were collected before the surgery and 3 and 12 months after surgery.  

 

We included male or female patients aged ≥ 18 years (or the provincial age of majority – 

depending on local REB guidelines) who underwent cervical spine surgery for 

degenerative pathology resulting in either cervical radiculopathy or cervical myelopathy 

with or without radiculopathy. We excluded patients diagnosed with tumors, infections, 

fractures, or inflammatory diseases.  

 

The surgeon evaluated and diagnosed patients with cervical myelopathy or radiculopathy 

as their primary or secondary diagnosis. Cervical myelopathy and radiculopathy were 

constructed as two separate pathology groups for this study. Cervical myelopathy cohort 

included all patients with a primary or secondary diagnosis of myelopathy. Whereas 

cervical radiculopathy cohort included all patients with a primary or secondary diagnosis 

of radiculopathy without a primary or secondary diagnosis of myelopathy. 

 

Ethics approval 

This study protocol was approved by the Horizon Health Network Research Ethics Board 

(REB #2022-3092) and the University of New Brunswick Research Ethics Board (REB 

#2022-041). 
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All individual CSORN sites also received ethical approval from their local Research 

Ethics Boards. 

 

Exposure variables 

Patients reported their use of analgesics in the past 6 months and the frequency with 

which they took the medication (daily, as needed, or not taken). Exposure variables of 

interest are collected by the CSORN registry before cervical surgery (i.e., during the 

initial surgical consult) and post-surgery at 3- and 12-months.  

 

Outcome measures 

The outcome measures of interest were the Neck Disability Index (NDI) and Numeric 

Pain Rating Scale (NPRS) for neck and arm intensity. All outcomes were collected before 

surgery, and 3- and 12-months after surgery.  

 

Neck Disability Index (NDI) 

The NDI is a patient-reported outcome measure to assess neck pain-related disability 

(Joseph & Palappallil, 2017; MacDermid et al., 2009; Vernon & Mior, 1991). It consists 

of 10 items, where patient rate the difficulty of 10 functional activities (e.g., driving, 

reading, lifting, headaches, pain, etc.). Each question is scored from 0-5, with a total 

score from 0 to 100 and higher values indicating greater disability (MacDermid et al., 

2009; Vernon & Mior, 1991). 

 



 

 

  36 

NDI has a high level of reliability, validity, and responsiveness in patients with chronic 

neck pain, including those with cervical radiculopathy (MacDermid et al., 2009). The 

NDI has a minimal detectable change (MDC) of 13.4 points and a minimal clinically 

important difference (MCID) of 8.5 points in patients with cervical radiculopathy (Pool et 

al., 2007; Vernon & Mior, 1991; I. A. Young et al., 2010). 

 

Numeric Pain Rating Scales (NPRS) 

The NPRS is a patient-reported measure of pain intensity, comprising an 11-point scale 

with scores ranging from 0 (‘no pain) to 10 (‘unbearable pain’) (Pool et al., 2007). 

Patients completed separate NPRS for neck pain and arm pain intensity in the preceding 

24 hours.  

 

The NPRS has good-to-excellent test-retest reliability (correlation coefficient of 0.58 to 

0.93) when retested within 4 weeks (Modarresi et al., 2022). The NPRS shows a minimal 

clinically important difference (MCID) of 1.5-2.5 points in patients with cervical spine 

disorders and a minimum of 35% reduction in NPRS is needed for patients with chronic 

spinal cord injury to experience a change in their pain intensity (Hanley et al., 2006; 

Modarresi et al., 2022; Pool et al., 2007; I. A. Young et al., 2010). 

Data analysis 

All data were analyzed using Stata software (V.16.1; StataCorp, College Station, TX, 

USA). The effects of preoperative analgesics on postoperative pain and disability were 

estimated separately with doubly robust models in patients with cervical radiculopathy 

and myelopathy using propensity scores with regression adjustment. In particular, we 
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used the inverse probability of treatment weighting (IPTW) at 3 months and 12 months 

post-surgery. Propensity scores was defined as the probability of a patient receiving 

treatment or not, depending on measured baseline confounding variables. The propensity 

score values were estimated using logistic regression and was regressed on measured 

baseline confounding variables. Measured baseline confounding variables included 

patient’s age, sex, occupation level, smoking habit, risk of depression, and baseline 

arm/neck pain or neck disability. These variables were selected as they are potential 

common causes of both exposure/treatment (medication use) and outcome (postoperative 

pain and disability). 

 

Diagnostic checks help identify if the propensity score models are adequately specified 

by making sure that the measured baseline confounding variables are similar between 

“treated” and “control” groups  (Austin, 2009). Diagnostic checks were performed for 

balance (of standardized differences and variance ratio) and overlap of weighted groups. 

We compared our standardized difference with external diagnostic criterion of 10% or 

(0.10) (Austin et al., 2021), because this magnitude of difference represents negligible 

imbalance between “treated” and “untreated” groups. We further evaluated the weighted 

variance ratio by applying a variance ratio between 0.5 and 2.0 (Austin, 2009, 2011). 

Checking for variance ratio allows for better understanding of standard deviation 

distribution of continuous confounding variables between the “treated” and “control” 

groups. 
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We visually evaluated for overlap in propensity scores to see the distributions between 

treated and untreated patients. A substantial overlap was expected between the propensity 

scores and these graphs also yield information regarding the positivity assumption. 

Positivity assumption states that a patient should not have any contraindications to being 

either in the “treated” or “control” groups (Austin, 2009; Imbens et al., 2009). 

 

Propensity scores were converted to inverse probability of treatment weights using the 

following formulas: 

 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑜𝑟 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑔𝑟𝑜𝑢𝑝 =
1

𝑝𝑟𝑜𝑝𝑒𝑛𝑠𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒
;  

 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑜𝑟 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑔𝑟𝑜𝑢𝑝 =
1

1−𝑝𝑟𝑜𝑝𝑒𝑛𝑠𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒
.  

 

The weights were then applied to linear regression models along with all confounding 

variables to estimate the average treatment effects of each medication on the outcomes of 

interest. 

Results 

We included data from 539 patients with cervical radiculopathy (44.16% female; mean 

age 51.11[SD 9.64] years) and 609 patients with cervical myelopathy (38.92% female 

mean age 59.24[SD 12.04] years). These data were collected nationally from 14 different 

hospital sites for cervical myelopathy and 15 different hospital sites for cervical 

radiculopathy. Demographic and preoperative characteristics of each patient group are 

reported in Table 1. Evolution of sample sizes for both population groups are shown in 

Figure 1 and 2. Our models met all prespecified model criteria except for patients with 
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cervical myelopathy who consumed NSAIDs and neuroleptic medications at 12-months 

post-surgery, in which the standardized difference for sex was 0.10 (Appendix A). 

 

Pain-related disability  

After adjusting for potential confounding due to age, sex, education level, smoking 

status, depression risk, and baseline arm pain, there were no significant effects of 

preoperative analgesic use on neck pain-related disability outcomes measured at 3-

months and 12-months, postoperatively, for both population groups (Figures 3 and 4).  

 

Neck pain intensity  

After adjusting for potential confounding variables, there were no significant effects of 

preoperative analgesic use on neck pain measured at 3-months and 12-months, 

postoperatively, for both population groups (Figures 3 and 4).  

 

Arm pain intensity 

Compared to non-consumers, patients with cervical myelopathy who consumed muscle 

relaxants reported less arm pain (mean difference[95%CI] = -0.61[-1.09 to -0.13]) 3 

months after their surgery (Figure 3). There were no significant effects of muscle 

relaxants use on 12-month outcomes of arm pain for patients with cervical myelopathy. 

 

Compared to non-consumers, patients with cervical radiculopathy who consumed 

narcotics experienced less arm pain (mean difference[95%CI] = -0.54 [-0.97 to -0.11]) 3 
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months after surgery (Figure 4). There were no significant effects of narcotic use on 12-

month outcomes of arm pain for patients with cervical radiculopathy. 

 

There were no significant effects of other preoperative analgesic use on arm pain 

measured at 3-months and 12-months, postoperatively (Figures 3 and 4).  

Discussion 

This study aimed to estimate the effect of preoperative analgesic use on postoperative 

clinical outcomes of neck pain, arm pain, and neck pain-related disability in patients with 

degenerative cervical myelopathy and cervical radiculopathy. We found no effects of 

preoperative analgesics on postoperative pain and disability outcomes, except for two 

medication patients with lower arm pain at 3 months; however, they are likely to be 

clinically irrelevant. 

 

After adjusting for potential confounding due to age, sex, education level, smoking status, 

depression risk, and baseline arm/neck pain and disability, most preoperative analgesics 

did not have significant effects on arm pain, neck pain, or disability 3 months and 12-

months after surgery. However, we found that compared to non-consumers, preoperative 

consumers of narcotics, either taken daily or as needed, significantly reduced arm pain 3-

months after surgery for patients with cervical radiculopathy. Compared to non-

consumers, daily or intermittent use of muscle relaxants significantly reduced arm pain 3-

months after surgery, for patients with cervical myelopathy. Our significant outcome 

finding may be a spurious outcome based on the number of models tested for five 
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different medications, at two time points, for the two clinically different population 

groups. 

 

In a longitudinal study of 352 patients who underwent surgery for Anterior cervical 

discectomy and fusion (ACDF) and consumed opioids daily, patients were more likely to 

experience poor disability post-surgery (Hébert et al., 2022). Extrapolating from another 

longitudinal analysis of 529 patients who underwent surgery for degenerative lumbar 

spinal stenosis, found that preoperative anticonvulsant use (i.e., neuroleptics) was 

predictive of poor leg pain outcome post-surgery (Hebert et al., 2019). Deducing from a 

prognostic study of 91 patients who underwent cervical arthrodesis surgery, patients who 

used chronic narcotic pain medication pre-surgery continued to experience a decline in 

functional outcomes and continued using narcotics 2-years post-surgery, compared to 

non-chronic consumers (Lawrence et al., 2008). Our findings sway away from these 

results as we found no clinically significant results of analgesics on post-surgical 

neck/arm pain and disability experienced by patients. However, we included a larger 

sample size and a more comprehensive method to factor in known confounding variables. 

 

Clinical Implications 

For both, cervical myelopathy and radiculopathy groups, the use of preoperative 

analgesics did not show a clinically important impact on patient’s pain and disability 

outcomes. The patient and their circle of care can consider this finding in their decision-

making of analgesic use along with other long-term effects of analgesics such as 

dependency, minor and major side effects, and cost (Borghouts et al., 1999; Todd, 2011). 
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Research Implications  

This study can help build future studies to support and advance knowledge on analgesic 

use on postoperative clinical outcomes using propensity scores. Other populations that 

undergo spinal surgery can be used to replicated and validate this study. To our 

knowledge, this study is first to use propensity score weighting to investigate the effects 

of analgesics on post-operative pain and disability in patients with cervical myelopathy 

and radiculopathy. PS weighting can be helpful tool in identifying causal inference using 

observational data (Shiba & Kawahara, 2021), given that confounding variables are 

balanced between treatment and control groups (Austin, 2009). Even though a 

randomized controlled trial can address unknown confounding variables, using 

propensity score weighting is a more feasible approach, combined with a large sample 

size and controlling of known confounders to help estimate the average treatment effect 

of pain medications on post-surgical outcomes of pain and disability.  

 

Strengths/Limitations 

Strengths of this study include the large sample size of patients from 15 spine centers 

across Canada, the use of standardized patient-centered outcomes, and robust methods to 

account for the impact of confounding. 

 

Since this study was a retrospective cohort study, we were limited to only use the data 

that was collected by the registry. There may be additional sources of confounding that 

were not accounted for in our models.  The study data were collected through self-

reported patient questionnaires, performed either through mail or by phone. This could 
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potentially lead to recall bias as patients were asked to remember their medication history 

in the last 6 months. There may also be a component of social desirability bias when 

reporting medication use rather than obtaining this information through pharmacy 

reports. 

 

We also excluded patients from the model if they failed to report key variables of 

interests. We made an assumption that our data were missing completely at random and 

therefore we proceeded with complete case analysis. If our data was missing for any 

other reason than randomness, then our results would be biased. 

 

An additional limitation was our pain-related outcome measures. Patients with cervical 

myelopathy commonly experience pain-less disability due to compression of their spinal 

cord and tend to have a more functional impact on their ability to do daily activities. 

Therefore, our pain and disability measures may have missed some aspects of these 

patients’ disability.  

 

Conclusion 

Preoperative analgesics did not have a clinically significant impact on patient’s pain and 

disability, postoperatively, at 3 and 12 months. Preoperative use of narcotics and muscle 

relaxants led to very small reductions in arm pain intensity 3-months after surgery for 

patients with cervical radiculopathy and myelopathy, respectively. However, the 

magnitude of these effects would not be considered to be clinically important. Other 

analgesics (i.e., NSAIDs, Over-the-counter medications, and neuroleptics) had no 
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statistically significant or clinically important effects on pain and disability measured 3 

and 12 months post-surgery, for both patient groups. 

 

Clinical decision-making around preoperative analgesic use for patients with cervical 

radiculopathy or myelopathy is complex and requires the patient and physician to 

consider the long-term effect on patients’ overall health. However, our study indicates 

that these analgesics do not negatively impact postsurgical pain and disability. 

 

Further research is needed to help understand the effects of preoperative analgesics on 

postoperative clinical outcomes. For example, it may be beneficial to explore the effects 

of different analgesic dosages and assess if they have an impact on clinical outcomes for 

patients with cervical myelopathy and radiculopathy. 
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Figures 

Figure 1. Study flow diagram for patients with cervical myelopathy. 
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     Figure 2. Study flow diagram for patients with cervical radiculopathy. 
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Figure 3. Effects of analgesic use at 3- and 12-months, post-surgery, on neck pain-related disability, neck pain, and arm pain, for 

patients with cervical myelopathy. Values reported are average treatment effects and 95% confidence intervals. Blue color indicates a 

significant affect. Models adjusted for age, sex, education level, smoking status, depression risk, and baseline pain and disability. 
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Figure 4. Effects of analgesic use at 3- and 12-months, post-surgery, on neck pain-related disability, neck pain, and arm pain, for 

patients with cervical radiculopathy. Values reported are average treatment effects and 95% confidence intervals. Blue color indicates 

a significant affect. Models adjusted for age, sex, education level, smoking status, depression risk, and baseline pain and disability. 
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Tables 

Table 1. Demographic and preoperative characteristics of patients with cervical 

radiculopathy and cervical myelopathy. 

NPRS = Numeric Pain Rating Scale; NDI = Neck Disability Index; NSAID = Non-

steroidal anti-inflammatory drugs; Values are reported as Mean ± Standard Deviation 

(SD) or as Number of patients (percentage of total patients). 

Variable Cervical Radiculopathy Cervical Myelopathy 

Sample Size Value Sample 

Size 

Value 

Age (years)  539 51.11 ± 9.64 609 59.23 ± 12.04 

Female sex 529 238 (44.16%) 609 237 (38.92%) 

Education status    

 

 

Less than high school 539 48 (8.91%) 609 97 (15.93%) 

High school diploma 134 (24.86%) 171 (28.08%) 

Technical school/Associate 

degree 

128 (23.75%) 117 (19.21%) 

College/University 

degree/Undergraduate 

degree 

180 (33.40%) 168 (27.59%) 

Post-Graduate or 

Professional degree 

49 (9.09%) 56 (9.20%) 

Smoking status     

Non – smoker  539 388 (71.99%) 609 407 (66.83%) 

Past – smoker  44 (8.16%) 45 (7.39%) 

Present – smoker  107 (19.85%) 157 (25.78%) 

Baseline Body Mass Index (BMI) 538 28.39 ± 7.32 608 28.51 ± 7.32 

Baseline Arm Pain (NPRS) 537 6.88 ± 2.18 603 5.47 ± 3.02 

Baseline Neck Pain (NPRS) 537 6.61 ± 2.24 603 5.20 ± 3.02 

Baseline neck-pain related disability 

score (NDI) 

 

539 44.61 ± 16.13 606 41.01 ± 19.28 

Fusion surgery 537 400 (74.49%) 608 524 (86.18%) 

Medications, users     

Muscle relaxants 531 199 (37.48%) 589 130 (22.07%) 

Narcotics 532 253 (47.56%) 594 186 (31.31%) 

Neuroleptics 529 275 (51.98%) 589 178 (30.22%) 

NSAIDs 529 186 (35.16%) 595 158 (26.55%) 

Over the counter 534 375 (70.22%) 598 332 (55.52%) 



 

50 

 

REFERENCES 

Manuscript References 

Adams, M. A., Dolan, P., & Hutton, W. C. (1986). The stages of disc degeneration as 

revealed by discograms. The Journal of Bone & Joint Surgery British Volume, 68-

B(1), 36–41. https://doi.org/10.1302/0301-620X.68B1.3941139 

Alentado, V. J., Lubelski, D., Steinmetz, M. P., Benzel, E. C., & Mroz, T. E. (2014). 

Optimal Duration of Conservative Management Prior to Surgery for Cervical and 

Lumbar Radiculopathy: A Literature Review. Global Spine Journal, 4(4), 279–

286. https://doi.org/10.1055/s-0034-1387807 

Álvarez Pinzón, A. M., & Krill, M. (2018). Review of the literature: cervical 

radiculopathy. An update. Revista Colombiana de Enfermería, 8, 131–145. 

https://doi.org/10.18270/rce.v8i8.553 

Armaghani, S. J., Lee, D. S., Bible, J. E., Archer, K. R., Shau, D. N., Kay, H., Zhang, C., 

McGirt, M. J., & Devin, C. J. (2013). Preoperative Narcotic Use and Its Relation 

to Depression and Anxiety in Patients Undergoing Spine Surgery. Spine, 38(25), 

2196–2200. https://doi.org/10.1097/BRS.0000000000000011 

Armaghani, S. J., Lee, D. S., Bible, J. E., Archer, K. R., Shau, D. N., Kay, H., Zhang, C., 

McGirt, M. J., & Devin, C. J. (2014). Preoperative Opioid Use and Its Association 

With Perioperative Opioid Demand and Postoperative Opioid Independence in 

Patients Undergoing Spine Surgery. Spine, 39(25), E1524. 

https://doi.org/10.1097/BRS.0000000000000622 



 

51 

 

Austin, P. C. (2009). Balance diagnostics for comparing the distribution of baseline 

covariates between treatment groups in propensity-score matched samples. 

Statistics in Medicine, 28(25), 3083–3107. https://doi.org/10.1002/sim.3697 

Austin, P. C. (2011). An Introduction to Propensity Score Methods for Reducing the 

Effects of Confounding in Observational Studies. Multivariate Behavioral 

Research, 46(3), 399–424. https://doi.org/10.1080/00273171.2011.568786 

Austin, P. C., Xin Yu, A. Y., Vyas, M. V., & Kapral, M. K. (2021). Applying Propensity 

Score Methods in Clinical Research in Neurology. Neurology, 97(18), 856–863. 

https://doi.org/10.1212/WNL.0000000000012777 

Baptiste, D. C., & Fehlings, M. G. (2006). Pathophysiology of cervical myelopathy. The 

Spine Journal, 6(6), S190–S197. https://doi.org/10.1016/j.spinee.2006.04.024 

Binder, A. I. (2007). Cervical spondylosis and neck pain. BMJ, 334(7592), 527–531. 

https://doi.org/10.1136/bmj.39127.608299.80 

Borghouts, J. A. J., Koes, B. W., Vondeling, H., & Bouter, L. M. (1999). Cost-of-illness 

of neck pain in The Netherlands in 1996. Pain, 80(3), 629–636. 

https://doi.org/10.1016/S0304-3959(98)00268-1 

Burneikiene, S., Nelson, E. L., Mason, A., Rajpal, S., & Villavicencio, A. T. (2015). The 

duration of symptoms and clinical outcomes in patients undergoing anterior 

cervical discectomy and fusion for degenerative disc disease and radiculopathy. 

The Spine Journal: Official Journal of the North American Spine Society, 15(3), 

427–432. https://doi.org/10.1016/j.spinee.2014.09.017 



 

52 

 

Cassidy, J. D., & Côté, P. (2008). Is It Time for a Population Health Approach to Neck 

Pain? Journal of Manipulative and Physiological Therapeutics, 31(6), 442–446. 

https://doi.org/10.1016/j.jmpt.2008.06.008 

Cervical Spine – Anatomy, Diseases and Treatments. (2021). American Association of 

Neurological Surgeons. https://www.aans.org/ 

Cervical spondylosis—Symptoms and causes. (2022). Mayo Clinic. 

https://www.mayoclinic.org/diseases-conditions/cervical-spondylosis/symptoms-

causes/syc-20370787 

Childress, M. A., & Becker, B. A. (2016). Nonoperative Management of Cervical 

Radiculopathy. American Family Physician, 93(9), 746–754. 

Côté, P., Cassidy, J. D., & Carroll, L. (2003). The epidemiology of neck pain: What we 

have learned from our population-based studies. 7. 

Dydyk, A. M., Ngnitewe Massa, R., & Mesfin, F. B. (2022). Disc Herniation. In 

StatPearls. StatPearls Publishing. 

http://www.ncbi.nlm.nih.gov/books/NBK441822/ 

Enke, O., New, H. A., New, C. H., Mathieson, S., McLachlan, A. J., Latimer, J., Maher, 

C. G., & Lin, C.-W. C. (2018). Anticonvulsants in the treatment of low back pain 

and lumbar radicular pain: A systematic review and meta-analysis. Canadian 

Medical Association Journal, 190(26), E786–E793. 

https://doi.org/10.1503/cmaj.171333 

Eubanks, J. D. (2010). Cervical radiculopathy: Nonoperative management of neck pain 

and radicular symptoms. American Family Physician, 81(1), 33–40. 



 

53 

 

Ferrara, L. A. (2012). The Biomechanics of Cervical Spondylosis. Advances in 

Orthopedics, 2012, 1–5. https://doi.org/10.1155/2012/493605 

Galbraith, J. G., Butler, J. S., Dolan, A. M., & O’Byrne, J. M. (2011). Operative 

Outcomes for Cervical Myelopathy and Radiculopathy. Advances in Orthopedics, 

2012, e919153. https://doi.org/10.1155/2012/919153 

Government of Canada, S. C. (2019, June 25). Pain relief medication containing opioids, 

2018. https://www150.statcan.gc.ca/n1/pub/82-625-x/2019001/article/00008-

eng.htm 

Hanley, M. A., Jensen, M. P., Ehde, D. M., Robinson, L. R., Cardenas, D. D., Turner, J. 

A., & Smith, D. G. (2006). Clinically significant change in pain intensity ratings 

in persons with spinal cord injury or amputation. The Clinical Journal of Pain, 

22(1), 25–31. https://doi.org/10.1097/01.ajp.0000148628.69627.82 

Hebert, J. J., Abraham, E., Wedderkopp, N., Bigney, E., Richardson, E., Darling, M., 

Hall, H., Fisher, C. G., Rampersaud, Y. R., Thomas, K. C., Jacobs, B., Johnson, 

M., Paquet, J., Attabib, N., Jarzem, P., Wai, E. K., Rasoulinejad, P., Ahn, H., 

Nataraj, A., … Manson, N. (2019). Patients undergoing surgery for lumbar spinal 

stenosis experience unique courses of pain and disability: A group-based 

trajectory analysis. PLOS ONE, 14(11), e0224200. 

https://doi.org/10.1371/journal.pone.0224200 

Hébert, J. J., Abraham, E., Wedderkopp, N., Bigney, E., Richardson, E., Darling, M., 

Hall, H., Fisher, C. G., Rampersaud, Y. R., Thomas, K. C., Jacobs, W. B., 

Johnson, M., Paquet, J., Attabib, N., Jarzem, P., Wai, E. K., Rasoulinejad, P., 

Ahn, H., Nataraj, A., … Manson, N. (2020). Preoperative Factors Predict 



 

54 

 

Postoperative Trajectories of Pain and Disability Following Surgery for 

Degenerative Lumbar Spinal Stenosis. Spine, 45(21), E1421. 

https://doi.org/10.1097/BRS.0000000000003587 

Hébert, J. J., Adams, T., Cunningham, E., El-Mughayyar, D., Manson, N., Abraham, E., 

Wedderkopp, N., Bigney, E., Richardson, E., Vandewint, A., Small, C., Kolyvas, 

G., Roux, A. le, Robichaud, A., Weber, M. H., Fisher, C., Dea, N., Plessis, S. du, 

Charest-Morin, R., … Attabib, N. (2022). Prediction of 2-year clinical outcome 

trajectories in patients undergoing anterior cervical discectomy and fusion for 

spondylotic radiculopathy. Journal of Neurosurgery: Spine, 1(aop), 1–10. 

https://doi.org/10.3171/2022.7.SPINE22592 

Hoy, D. G., Protani, M., De, R., & Buchbinder, R. (2010). The epidemiology of neck 

pain. Best Practice & Research. Clinical Rheumatology, 24(6), 783–792. 

https://doi.org/10.1016/j.berh.2011.01.019 

Hurwitz, E. L., Goldstein, M. S., Morgenstern, H., & Chiang, L.-M. (2006). The impact 

of psychosocial factors on neck pain and disability outcomes among primary care 

patients: Results from the UCLA Neck Pain Study. Disability and Rehabilitation, 

28(21), 1319–1329. https://doi.org/10.1080/09638280600641509 

Imbens, G., Crump, R., Hotz, J., & Mitnik, O. (2009). Dealing with Limited Overlap in 

Estimation of Average Treatment Effects. Biometrika, 96(1), 187–199. 

Iyer, S., & Kim, H. J. (2016). Cervical radiculopathy. Current Reviews in 

Musculoskeletal Medicine, 9(3), 272–280. https://doi.org/10.1007/s12178-016-

9349-4 



 

55 

 

Jain, N., Brock, J. L., Phillips, F. M., Weaver, T., & Khan, S. N. (2018). Chronic 

preoperative opioid use is a risk factor for increased complications, resource use, 

and costs after cervical fusion. The Spine Journal, 18(11), 1989–1998. 

https://doi.org/10.1016/j.spinee.2018.03.015 

Joseph, L., & Palappallil, D. (2017). Neck disability index, Visual analog scale, and 

Likert scale in patients receiving pharmacotherapy for neck pain: How good do 

they correlate? National Journal of Physiology, Pharmacy and Pharmacology, 

7(3), 1. https://doi.org/10.5455/njppp.2017.7.1233917122016 

Lawrence, J. T. R., London, N., Bohlman, H. H., & Chin, K. R. (2008). Preoperative 

Narcotic Use as a Predictor of Clinical Outcome: Results Following Anterior 

Cervical Arthrodesis. Spine, 33(19), 2074. 

https://doi.org/10.1097/BRS.0b013e3181809f07 

Lee, D., Armaghani, S., Archer, K. R., Bible, J., Shau, D., Kay, H., Zhang, C., McGirt, 

M. J., & Devin, C. (2014). Preoperative Opioid Use as a Predictor of Adverse 

Postoperative Self-Reported Outcomes in Patients Undergoing Spine Surgery. 

JBJS, 96(11), e89. https://doi.org/10.2106/JBJS.M.00865 

Lee, M., Silverman, S., Hansen, H., Patel, V., & Manchikanti, L. (2011). A 

Comprehensive Review of Opioid-Induced Hyperalgesia. Pain Physician, 14, 18. 

MacDermid, J. C., Walton, D. M., Avery, S., Blanchard, A., Etruw, E., McAlpine, C., & 

Goldsmith, C. H. (2009). Measurement properties of the neck disability index: A 

systematic review. The Journal of Orthopaedic and Sports Physical Therapy, 

39(5), 400–417. https://doi.org/10.2519/jospt.2009.2930 



 

56 

 

Magnus, W., Viswanath, O., Viswanathan, V. K., & Mesfin, F. B. (2021). Cervical 

Radiculopathy. In StatPearls. StatPearls Publishing. 

http://www.ncbi.nlm.nih.gov/books/NBK441828/ 

Mamdani, M., Sykora, K., Li, P., Normand, S.-L. T., Streiner, D. L., Austin, P. C., 

Rochon, P. A., & Anderson, G. M. (2005). Reader’s guide to critical appraisal of 

cohort studies: 2. Assessing potential for confounding. BMJ (Clinical Research 

Ed.), 330(7497), 960–962. https://doi.org/10.1136/bmj.330.7497.960 

Manning, J. B. (2015). The Relationship between the Pre- and Postoperative Use of 

Opioid Narcotics and Preoperative Patient-derived Functional Outcomes. 38. 

Mao, J., Price, D. D., & Mayer, D. J. (1995). Mechanisms of hyperalgesian and morphine 

tolerance: A current view of their possible interactions. Pain, 62(3), 259–274. 

https://doi.org/10.1016/0304-3959(95)00073-2 

Markman, J. D., Frazer, M. E., Rast, S. A., McDermott, M. P., Gewandter, J. S., 

Chowdhry, A. K., Czerniecka, K., Pilcher, W. H., Simon, L. S., & Dworkin, R. H. 

(2015). Double-blind, randomized, controlled, crossover trial of pregabalin for 

neurogenic claudication. Neurology, 84(3), 265–272. 

https://doi.org/10.1212/WNL.0000000000001168 

McCartney, S., Baskerville, R., Blagg, S., & McCartney, D. (2018). Cervical 

radiculopathy and cervical myelopathy: Diagnosis and management in primary 

care. The British Journal of General Practice, 68(666), 44–46. 

https://doi.org/10.3399/bjgp17X694361 



 

57 

 

Melancia, J. L., Francisco, A. F., & Antunes, J. L. (2014). Chapter 35—Spinal stenosis. 

In J. Biller & J. M. Ferro (Eds.), Handbook of Clinical Neurology (Vol. 119, pp. 

541–549). Elsevier. https://doi.org/10.1016/B978-0-7020-4086-3.00035-7 

Modarresi, S., Lukacs, M. J., Ghodrati, M., Salim, S., MacDermid, J. C., & Walton, D. 

M. (2022). A Systematic Review and Synthesis of Psychometric Properties of the 

Numeric Pain Rating Scale and the Visual Analog Scale for Use in People With 

Neck Pain. The Clinical Journal of Pain, 38(2), 132–148. 

https://doi.org/10.1097/AJP.0000000000000999 

National Institute of Health. (2008). Comorbidity: Addiction and Other Mental Illnesses. 

https://nida.nih.gov/sites/default/files/rrcomorbidity.pdf 

Nouri, A., Tetreault, L., Singh, A., Karadimas, S. K., & Fehlings, M. G. (2015). 

Degenerative Cervical Myelopathy: Epidemiology, Genetics, and Pathogenesis. 

Spine, 40(12), E675. https://doi.org/10.1097/BRS.0000000000000913 

Onks, C. A., & Billy, G. (2013). Evaluation and treatment of cervical radiculopathy. 

Primary Care, 40(4), 837–848, vii–viii. https://doi.org/10.1016/j.pop.2013.08.004 

Pool, J. J. M., Ostelo, R. W. J. G., Hoving, J. L., Bouter, L. M., & de Vet, H. C. W. 

(2007). Minimal clinically important change of the Neck Disability Index and the 

Numerical Rating Scale for patients with neck pain. Spine, 32(26), 3047–3051. 

https://doi.org/10.1097/BRS.0b013e31815cf75b 

Rothman, S. M., & Winkelstein, B. A. (2007). Chemical and mechanical nerve root 

insults induce differential behavioral sensitivity and glial activation that are 

enhanced in combination. Brain Research, 1181, 30–43. 

https://doi.org/10.1016/j.brainres.2007.08.064 



 

58 

 

Seo, M., & Choi, D. (2008). Adjacent segment disease after fusion for cervical 

spondylosis; myth or reality? British Journal of Neurosurgery, 22(2), 195–199. 

https://doi.org/10.1080/02688690701790605 

Shedid, D., & Benzel, E. C. (2007). Cervical Spondylosis Anatomy: Pathophysiology and 

Biomechanics. Neurosurgery, 60(suppl_1), S1-7. 

https://doi.org/10.1227/01.NEU.0000215430.86569.C4 

Shiba, K., & Kawahara, T. (2021). Using Propensity Scores for Causal Inference: Pitfalls 

and Tips. Journal of Epidemiology, 31(8), 457–463. 

https://doi.org/10.2188/jea.JE20210145 

Stafira, J. S., Sonnad, J. R., Yuh, W. T. C., Huard, D. R., Acker, R. E., Nguyen, D. L., 

Maley, J. E., Ramji, F. G., Li, W.-B., & Loftus, C. M. (2003). Qualitative 

Assessment of Cervical Spinal Stenosis: Observer Variability on CT and MR 

Images. 4. 

Todd, A. G. (2011). Cervical spine: Degenerative conditions. Current Reviews in 

Musculoskeletal Medicine, 4(4), 168–174. https://doi.org/10.1007/s12178-011-

9099-2 

van Hecke, O., Austin, S. K., Khan, R. A., Smith, B. H., & Torrance, N. (2014). 

Neuropathic pain in the general population: A systematic review of 

epidemiological studies. Pain, 155(4), 654–662. 

https://doi.org/10.1016/j.pain.2013.11.013 

Vernon, H., & Mior, S. (1991). The Neck Disability Index: A study of reliability and 

validity. Journal of Manipulative and Physiological Therapeutics, 14(7), 409–

415. 



 

59 

 

Weiner, B. K., & Patel, R. (2008). The accuracy of MRI in the detection of Lumbar Disc 

Containment. Journal of Orthopaedic Surgery and Research, 3(1), 46. 

https://doi.org/10.1186/1749-799X-3-46 

Wheeler, T. (2021, March 18). What Is a Herniated Cervical Disk? WebMD. 

https://www.webmd.com/pain-management/what-is-a-herniated-cervical-disk 

Xu, Y., Wang, Y., Chen, J., He, Y., Zeng, Q., Huang, Y., Xu, X., Lu, J., Wang, Z., Sun, 

X., Chen, J., Yan, F., Li, T., Guo, W., Xu, G., Tian, H., Xu, X., Ma, Y., Wang, L., 

… Li, G. (2020). The comorbidity of mental and physical disorders with self-

reported chronic back or neck pain: Results from the China Mental Health 

Survey. Journal of Affective Disorders, 260, 334–341. 

https://doi.org/10.1016/j.jad.2019.08.089 

Yonenobu, K. (2000). Cervical radiculopathy and myelopathy: When and what can 

surgery contribute  to treatment? European Spine Journal, 9(1), 1–7. 

https://doi.org/10.1007/s005860050001 

Young, I. A., Cleland, J. A., Michener, L. A., & Brown, C. (2010). Reliability, Construct 

Validity, and Responsiveness of the Neck Disability Index, Patient-Specific 

Functional Scale, and Numeric Pain Rating Scale in Patients with Cervical 

Radiculopathy. American Journal of Physical Medicine & Rehabilitation, 89(10), 

831–839. https://doi.org/10.1097/PHM.0b013e3181ec98e6 

Young, W. F. (2000). Cervical Spondylotic Myelopathy: A Common Cause of Spinal 

Cord Dysfunction in Older Persons. American Family Physician, 62(5), 1064–

1070. 

 



 

60 

 

Appendix A  

Balance statistics and overlap plots 

 

All data was analyzed using STATA V.16.1; StataCorp, College Station, TX, USA 

 

In our propensity score models, we balanced matched treated and control participants by 

setting the standardized difference at a suggested threshold of 10% or (0.10) (Austin et 

al., 2021; Mamdani et al., 2005). While all the matched weighted patient groups reported 

a standardized difference of well below 10%, patients with cervical myelopathy using 

NSAIDs and neuroleptics, 12-months post-surgery, reported a standardized difference 

above or at the threshold of 10% (0.10). 

 

We modified the propensity score model to better balance the matched control and 

treatment groups by allowing for quadratic relations between confounding variables in 

patients with cervical myelopathy, using neuroleptics, 12 months post-surgery. We 

acknowledge that patients with cervical myelopathy using NSAIDs, 12-months post-

surgery, had a standardized difference at the recommended threshold at 0.100 for sex of 

the cohort. This could indicate that sex as a confounding variable could impact the 

“treated” or “control” groups. However, since it is sitting right at the threshold of 0.1, we 

deem that there is negligible difference in between groups due to sex. 
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Balance statistics and overlap plots 
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