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Introduction
Neck pain is a highly prevalent issue that most individuals can expect to experience at least once within their lifetime.1 In the United States alone, an estimated 15.7% of the population reported neck pain in 2015.2 While acute neck pain may resolve on its own, cervical pain may develop into a chronic issue that can result in economic burden, negatively impact quality of life,  and cause social hardship.1 The treatment strategies utilized by physical therapist to treat neck pain are widely variable and lack clinical evidence. As such, identifying cost-effective treatment options that result in good outcomes has been identified as a priority for physical therapists.3
	In order to address this issue, a strategy that has been proposed involves basing treatment decisions on prognostic factors that can stratify patients into two groups; those at high risk for developing persistent neck pain and disability and those that are likely to recover regardless of the intensity of treatment received.3 Identifying the presence or absence of various prognostic variables during the initial examination can aid clinicians make more accurate prognosis and guide treatment decisions, which may lead to a more cost-effective and successful plan of care. A number of studies have identified variables that predict outcome in patients seeking treatment for neck pain. These include various physical, sociodemographic, clinical, and psychological variables.
Prognostic Factors

Age
	McLean et al.4 conducted a systematic review of nine prospective cohort studies identifying prognostic factors of non-specific neck pain. They conclude that there is strong evidence linking “older age” to unfavorable outcomes in regards to both resolution of symptoms and neck-related disability in subjects with non-specific neck pain. Generally speaking, old age in these studies was defined as over 40 years of age5–8, with one study not defining what they considered older age to be.9 Contrary to these findings, Cecchi et al.10 conclude that age is not predictive of improvement after physical therapy treatment at discharge nor at one-year follow up in their cohort of subjects with chronic, non-specific neck pain and disability. The subjects in Cecchi’s10 study, however, include mostly elderly and middle aged women. Most of the subjects in this study would have been categorized as “older age”, which explains why Cecchi et al.10 conclude that age is not a good predictor of treatment outcome.
Duration of Symptoms
	McLean et al.4 also identify two high quality studies that concluded longer duration of neck pain is strongly prognostic of unfavorable outcome in terms of neck-related disability and symptom resolution.4 Longer duration of symptoms was defined as 13 weeks (Hoving, 2004)8 and 24 weeks (Bot, 2005)11. Cecchi et al.10, however, found that time from onset of symptoms was not a good predictor of treatment outcome. Cecchi et al.10 chose not to use an inception cohort in their study and therefore cannot exclude that their chronic subjects were not seeking treatment for acute symptom exacerbation, which could explain their findings regarding the duration of symptoms as a prognostic factor. 
Baseline Pain and Disability
	Few studies have linked initial neck disability to outcome. According to De Pauw et al.12, higher neck disability index (NDI) scores at baseline are related to poorer outcomes. Likewise, patients scoring a NDI score of less than 18/50 at baseline may be more likely to perceive improvement after treatment.13 In regards to whiplash associated injuries, a NDI score greater than 14.5/50 is related to poor patient outcomes.14 In another study, Hill et al.5 measured baseline neck pain and disability using The Northwick Park Neck Pain Questionnaire (NPQ) in their cohort of subjects with neck pain. They report that high baseline NPQ scores were a significant predictor of poor outcome as measured by perceived global change and achieving the minimum clinically important difference (MCID) on the NPQ.5  A systematic review completed by Walton et al.15 determine that high neck pain intensity, as measured by the VAS and NPRS, is highly prognostic for poor outcome in patients with whiplash injuries. Walton15 does state that there is limited evidence, however, for initial pain intensity in other causes of neck pain.15 Likewise, McLean et al.4 concluded in their review of the literature that there is inconclusive evidence for the predictive power of baseline disability and neck pain for subjects with non-specific neck pain, which is in agreement with the findings of Cecchi et al.10 
Radicular Symptoms
Little evidence exists regarding the significance of radicular symptoms has on patient outcomes. A systematic review by Borghouts et al.16 claims that there is weak evidence indicating radicular symptoms are not associated with poor outcomes. The review, however, relied almost entirely on the findings from observational and case-control studies. In regards to whiplash associated disorders, Walton et al.15 determine that there is possible prognostic value of patient-reported radicular symptoms at inception and poor outcome, but this finding is inconsistent across systematic reviews. 
Medications
Only one study has found a correlation between medication intake and patient outcome. In a study by Cecchi et al.10, subjects reporting the use of neck pain medication at baseline had poor outcomes immediately after discharge from a six-session program and at 1-year follow up. According to these authors, this is a novel finding that has not been reported in other studies. The type of pain medication used by subjects was not identified.
Widespread Pain
Only one study has examined the prognostic value of widespread pain in patient outcome. Atherton et al.17 found that patients who reported widespread pain in the month prior to incurring whiplash injury were more likely to have poor outcomes. For non-specific neck pain, McLean et al.4 determine there is strong evidence supporting a history of back, knee or hip pain at baseline to be independently prognostic of unfavorable outcome with regards to symptoms. In other words, having other musculoskeletal impairments at baseline could lead to poor outcomes in patients experiencing neck pain.
Other Prognostic Factors
	There are many other prognostic factors that have been found to be predictive of patient outcomes. In regards to non-specific neck pain, the systematic review conducted by Mclean et al.4 found strong evidence for a history of neck problems to be predictive of unfavorable outcome. Croft et al.18 and Saavedra-Hernández et al.19  similarly determine a history of neck pain to be a significant predictive factor. Mclean et al.4 also identify other prognostic factors that have limited evidence supporting their utility, meaning only one high quality study determined the predictive value of the prognostic factor. These factors include presence of headaches, persistent neck pain, patient reports of numbness in the hands, and physical trauma. History of low back pain has also been identified as prognostic factor (Croft, 2001)18, as has the presence of comorbid back pain (Hill, 2007)5. 
	Some studies have begun to examine psychological and sociodemographic prognostic factors in patients with neck pain. One study included in the systematic review by Mclean et al4 found limited evidence for high levels of worrying as a prognostic factor. In regards to sociodemographic factors, limited evidence has been found supporting female gender, unemployment, little influence on work life, high job demands, repetitive work, lower level of perceived health, low quality of life scores, and less vitality as prognostic factors.4 Michaelson et al.11 found a low need to be social and be helped, along with high optimistic attitudes, predicted good outcomes in patients receiving multimodal treatment for chronic neck pain. Landers et al.20 found that scores on the Fear-Avoidance Belief Questionnaire (FABQ) are a good tool to identify patients who are at risk for prolonged neck disability. Another study completed by Hill et al.5 further support the use of psychosocial factors in predicting the course of neck pain, including manual social class, catastrophizing, anxiety and depression, and low treatment expectations. Lastly, Croft et al.18 found that number of children, poor self-assessed health, and poor psychological status were significant risk factors for developing neck pain. Studies supporting the use of psychological and sociodemographic variables as prognostic factors in patients with neck pain is a relatively new area of research. The evidence available to date supports the use of these factors, however, more high quality studies must be conducted to establish the validity of these findings. 
In a systematic review on prognostic variables for WAD, Walton et al.14 identify 12 significant prognostic variables that can predict prognosis. The variables not mentioned previously include less than postsecondary education, female sex, no seatbelt used, history of neck pain, headache at inception, neck pain at inception, catastrophizing, presence of low back pain, WAD grade 2 or 3 (versus 0 or 1), and WAD grade 3 (versus 2). Other systematic reviews regarding WAD have found mixed evidence for post-traumatic stress symptoms, catastrophizing, and cold hypersensitivity and hyperalgesia as risk factors for negative outcome in patients with whiplash syndrome.15
Psychometric Properties of NDI
	The Neck Disability Index (NDI) is the most commonly used self-report measure for evaluating patient status in neck pain clinical research.21–23 In 2008, the developer of the NDI, Howard Vernon, published a summary covering the 17-year history of the NDI.24 The author states that the NDI has been used in approximately 300 publications, translated into 22 languages, and has been endorsed by many clinical guidelines, making it the most widely used and strongly validated instrument to assess self-rated disability in patients with neck pain.24 The NDI was originally modeled after the Oswestry Low Back Pain Disability Questionnaire and assesses both subjective symptoms and activities of daily living.24 The questionnaire consist of ten items that assess pain intensity, personal care, lifting, sleep, driving, sexual intercourse, headache, concentration, reading, and work.24 The NDI is scored on a scale of 0 to 50, with higher scores indicating higher neck-related disability.24 
Strengths of the NDI include is its ability to be used in different subpopulations and the fact that it has been validated using many measures of function, pain, and clinical signs and symptoms.22 A systematic review in 2009 by MacDermid et al.21 synthesized information from 37 studies addressing the psychometric properties of the NDI. The authors concluded that there was strong to moderate evidence for a variety of psychometric properties supporting the use of the NDI in patients suffering from acute or chronic neck pain with musculoskeletal or neurogenic origin. 
	Reliability There is appropriate evidence supporting the test-retest reliability of the NDI in both acute and chronic populations. Reliability coefficients of over 0.90 have been reported in several studies.21 In contrast to these findings are the results of recent high quality studies reporting significantly lower test-retest reliability coefficients.25,26 MacDermid et al.21 suggest the variation of these findings were a result of random differences in samples, actual differences in clinical subpopulations, study processes, and definitions of “stable.” In this case, stable refers to the unchanging nature of the condition. Some studies evaluating the test-retest reliability of the NDI did not separate patients experiencing acute and chronic neck pain in their statistical analysis. For those studies that did separate subjects based on acuity, test-retest reliability varied from an r of 0.73 – 0.93 for acute patients and 0.89 – 0.99 in subjects with chronic neck pain.21
	Few studies have presented the standard error of measurement (SEM) or the minimal detectable change (MDC) for the NDI. Cleveland et al.25 reported the largest MDC of 10.2 points in their cohort of subjects with cervical radiculopathy. According to Vernon24, however, the NDI was not specifically designed for patients with cervical radiculopathy and does not reflect the NDI in its usual use. Vos et al.27 reported the lowest MDC of 1.66 in their study sample that included patients with recurrent neck pain who were considered to have a stable condition. Despite these wide ranges in MDC, most values average around 5/50, or 10%.21 Vernon suggested that the MDC be 5 points based on his review of the literature and expert opinion.24 
Table 1 provides results from studies that have reported the SEM of the NDI. The SEM has ranged from a low of 3.0 to to a high of 8.4, depending on the study population (table 1).

	Study
	Standard Error of Measurement

	Cervical Radiculopathy
	

	Cleland et al, 200625
	4.4

	Young et al, 201028
	5.7

	Mechanical Neck Disorder
	

	Cleland et al, 200826
	8.4

	Young et al, 200929
	4.3

	Non-Specific Neck Pain
	

	Jorristsma et al, 201230
	3.0


Table 1. Standard Error of Mean of NDI
	
Validity The construct of disability from neck pain, as measured by the NDI, has shown strong convergent validity with other questionnaires such as the Patient-Specific Functional Scale, the Northwick Park Neck Pain Questionnaire, the Neck Pain and Disability Score, and the Disability Rating Index. The correlations between the NDI and these scales have been reported to be greater than 0.70.21 
	Responsiveness Five studies have reported on the minimally clinical important difference (MCID).24 The MCID has ranged from a low of 3.5 to a high of 10. Stratford et al 31  found a MCID of 5 out of 50 points by comparing scores on the NDI with a physician-rated change scale. Cleland et al.32 determined the MCID to be 10 points in a sample of subjects with cervical radiculopathy. Vernon attributed this large MCID to the refractory nature of cervical radiculopathy.24 Pool et al.33 found an MCID of 3.5 points by comparing NDI change scores and global perceived change using the area under the curve. Citing his expert opinion, Vernon24 concluded that 3.5 is the most appropriate MCID for the NDI. In a cohort of subjects with mechanical neck pain, Young et al.29 reported an MCID and MDC of 7.5 and 10 points, respectively. These authors concluded that because 7.5 points is within the bounds of measurement error found in their study (MCD = 10.2), a 10-point change should be used as the MCID.29 Cleland et al.26 found a similar MCID of 9.5 points in their cohort of subjects with mechanical neck pain.  

Statistical Models
Multinomial Logistic Regression Analyses
[bookmark: _GoBack]	It is common for health science studies to attempt to determine what influence one or more variables has on a dependent variable.34 When the dependent variable is a continuous numerical value, a linear (or higher order) regression analysis is an appropriate statistical model. If, however, the dependent variable is categorical in nature, a logistic regression analysis is a more appropriate statistical model. Examples of categorical variables may include imaging (yes/no), medications (yes/no), pain category (acute/chronic). The aim of a logistic regression analysis is to determine the best model for explaining a categorical variable (dependent variable) based on a series of independent variables.34 When the dependent variable is dichotomous (0 or 1), a logistic regression analysis is applied. When the dependent variable has more than two categories, a multinomial logistic regression analysis is required. 
An example given by Domínguez-Almendros et al.34 attempts to relate the variable ‘weight at birth of a newborn infant’ (<2000g, 2000-3500g, and >3500g) to the independent variable ‘smoking mother’ (yes/no). For this example, the best fit of two logistic models would be determined. If the category >3500 g is used as a reference value, then one logistic model evaluates the risk of birthweight >3500g versus the category of <2000g in the case of a smoking or nonsmoking mother. The second logistic regression model compares the risk of birthweight >3500g versus the category 2000g – 3500g in the case of a smoking or nonsmoking mother. These two logistic regressions would cover the entire set of possible values for newborn birth weight.
When significant independent variables have been determined from a univariate analysis, these variables can then be included in a hierarchical multivariate multinomial regression analysis. The purpose of this analysis is to assess the association between multiple independent variables and outcomes. A multivariable analysis determines the unique contributions of various independent factors to a single outcome.35 In the case of multivariate multinomial regression, the contribution each independent variable has to the polychotomized outcomes can be assessed. Polychotomous variables are variables that can have more than two possible outcomes. For example, an individual being treated for neck pain could be categorized as a low, high, or a non-responder to treatment. A multivariate analysis is needed in order to control for confounding, which occurs when the association between an independent factor and an outcome is affected by the relationship of other independent variables.35
Cervical Clinical Prediction Rules
	A prognostic clinical prediction rule (CPR) is a tool that quantifies the contributions of various patient characteristics to create a set of variables that can be used to predict a patient’s prognosis.36 Prognostic CPRs allow clinicians to estimate the probability that a patient will exhibit a change in pain or disability in the future and can therefore be used to educate individuals about their anticipated outcome as well as prioritize patients for treatment.37 The development of CPRs involve three stages. In the first stage (derivation), statistical analyses are performed to determine the variables in a group of subjects that have the strongest positive predictive power.38 In the second stage (validation), CPRs are tested by the prospective application in a new group of patients.38 Validated CPRs may be used with a greater level of confidence then those in the derivation stage. In the final stage (impact analysis), the CPR is tested to determine if application of the rule results in changed clinician behavior and improved patient outcomes.38 A CPR that succeeds in this final state can be used confidently by clinicians to improve patient outcomes.38
Kelly et al.39 systematically reviewed CPRs pertaining to neck pain and found 19 studies (Table 2) that reported on the development of 15 prognostic CPRs relating to the conservative management of patients with neck pain. Thirteen of these studies included patients with acute whiplash injuries, five studies were related to non-traumatic neck pain, and one study evaluated subjects with cervical radiculopathy. A majority of these prognostic CPRs remain within the derivation stage and therefore are not recommended for routine clinical use.39 Clinicians may instead consider using the individual variables contained within these models to inform judgments on prognosis.38 Four prognostic models have undergone preliminary investigations of validity and may be better suited for clinical use.39 No prognostic CPRs have undergone the final stage with an impact analysis.  
A large range of variables have been identified across the 15 prognostic CPR models. Psychological and social predictor variables are prominently featured in a number prognostic CPRs, indicating that assessment of these variables is important to determine prognosis and improve patient outcomes.39 Many of the models evaluated in Kelly et al.’s39 systematic review determined that initial score on the NDI is a predictor for future pain and disability outcomes.17,40–43 As such, assessment of a patient’s neck disability at baseline may be a useful adjunct to a clinician’s clinical decision making process regarding prognosis and treatment selection. In contrast to the results of our current study, no studies have identified gender, use of imaging, or active versus passive treatment in their final prediction models. 
	A number of studies have progressed to the validation stage of CPR development15,43–48, however these studies have been classified as undergoing “narrow validation.” Narrow validation involves testing the CPR in a setting and population that is similar to the one in which the CPR was derived, which limits its generalizability to a broader population.39 Three prognostic CPRs regarding subjects with acute whiplash disorder have undergone narrow validation and therefore, clinicians must use caution in application of these results.43,45,47,49 Only one model has undergone broad validation (Schellingerhout, 201046), meaning that the CPR has been validated in a wider spectrum of patients and settings. CPRs undergoing broad validation are preferred over narrow validation as they have been show to maintain their accuracy in a variety of patients and settings.38 The CPR developed by Schellingerhout et al.46 has modest predictive power with a positive predictive value of 51% and a positive likelihood ratio of 1.6. The moderate predictive ability of this CPR, however, is unlikely to cause a significant shift in pre- to post-test probability.39 While the number prognostic CPRs related to neck pain have significantly increased over recent years, many of these models must undergo validation before they can be recommended for clinical use. However, clinicians may choose to implement the four validated CPRs (table 2) or individual predictor variables contained within these models to help inform patient prognosis and selection of treatment.39

	Prognostic CPRs

	Atherton et al. (2006)17

	Carroll et al. (2006)50

	Cleland et al. (2007)51

	Dagfinrud et al. (2013)44

	Gabel et al. (2008)52

	Grooten et al. (2007)53

	Hartling et al. (2002)54

	Kasch et al. (2001)55

	Kasch et al. (2008)45

	*Kasch et al. (2011)48 

	*Kasch et al. (2013)49

	Landers et al. (2008)56

	Nederhand et al. (2004)41

	*Radanov and Sturzenegger (1996)47

	Ritchie et al. (2013)42

	*Ritchie et al. (2015)43

	*Schellingerhout et al. (2010)46

	Vos et al. (2009)57

	Williamson et al. (2015)40


Table 2. Neck related prognostic CPRs. 
*CPRs that have undergone narrow or broad validation. 
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