Expanded Review of the Literature: Low Back Pain Prognostic Factors, Psychometric
Properites of the Oswestry Disability Index, Multivariate Logistic Regression Analysis, and
Low Back Pain Clinical Prediction Rules
Chris Green
This expanded review of the literature serves to inform our group’s analysis of data from
a single outpatient physical therapy clinic. Our dataset included prognostic factors of interest,
which have been studied elsewhere in prognostic low back pain studies. A variety of prognostic
factors have been reviewed below, including demographic information, baseline physical factors
of the patients low back pain, and other possible influences like total visits or prescribed drug
use. The demographic factors considered are age and gender. Physical factors include disability
at baseline as measured by the Oswestry Disability Index (ODI), chronicity level or duration of
symptoms, and the presence of widespread or radicular pain. A brief discussion of other common
prognostic factors that were not available in this dataset yet occur frequently in the literature is
included.
A review of the psychometric properties of the ODI, one of the primary outcome
measures used in the data analysis, has been included. A brief explanation of the multinomial
logistic regression modeling used for our data analysis follows the psychometrics section.
Trichotimization of the ODI into 3 groups of minimally important clinical difference (MCID) is
discussed in terms of the appropriateness of this approach to the data analysis. Finally, an initial
aim of our research was to examine the possibility of developing a clinical prediction rule (CPR)
based on the dataset. Therefore, a review of prognostic CPRs for low back pain concludes this
review.
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Prognostic Factors of Low Back Pain
Demographic
Age
Age has widely been used as an independent factor when it is considered as a possible
prognostic factor in low back pain (LBP) studies.1 A younger age has been shown to be a
prognostic of a better outcome for LBP patients in many studies.2,3,4 An older age has also been
suggested as a negative prognostic factor for LBP patients.5,6 One major common shortcoming of
the existing literature is the lack of a standard definition of old and young age. Younger age has
been defined as anywhere between 32 to 45 years, 5,7,8 and older age has been defined between 33
and 53 years.5,6,7 There are also a number of studies that did not define older or younger age at
all.2,3 Campbell et al7 used four age groups in their LBP prognostic study: ≤ 37, 38-45, 46-52, and
≥ 53 years old. In their statistical analysis, however, age did not predict outcome at either 6
months or 5 years.7 The omission of age categorizations and overlapping of younger versus older
age make this prognostic factor difficult to define. Moving forward, prognostic literature could
benefit from defining a standardized and narrower age range when delineating old versus young
age.
Gender
The gender of patients has been examined in LBP prognostic studies with the aim to
determine if males or females have better outcomes. This factor can be easily dichotomized and
is inherent in every study population. While Bekkering et al2 did not find gender to be a
significant prognostic factor, others have found the female gender predicted poor outcomes. 6,7,9
Based on the few studies that use gender as a prognostic factor, the female gender may be a
stronger prognostic factor for poorer outcomes.
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Physical Factors
Initial Oswestry Disability (ODI) score
The use of initial Oswestry Disability Index (ODI) score may be an important prognostic
factor because it uses a baseline score on a measure validated for LBP patients. Cook et al3
included initial ODI score as a prognostic factor of interest to examine generic predictors of
outcome in LBP patients. They found that lower baseline ODI scores were individual prognostic
variables within 2 of 4 of their statistical models.3 Schwind et al4 identified initial ODI score as a
prognostic factor when using an MCID of 5 or 10 points on the ODI. A high baseline ODI has
also been shown to predict a longer duration of days missed from work.9
Chronicity level
Chronicity level is used to describe the duration of LBP symptoms a patient has
experienced. Duration of symptoms has been described in a variety of ways: time since the
patient’s last pain free month;8 three different chronicity lengths (0–3 weeks/4–12 weeks/>12
weeks);2 four different chronicity lengths (< 2 weeks, 2-3 weeks, 3-4 weeks, and 4-6 weeks);10
and a long duration of chronicity as > 3 years since the onset of the current LBP episode.8 Many
have found a shorter duration of symptoms to be prognostic of better outcomes.2,3,11,12 The
majority of the studies reviewed agree that a low chronicity level may be a positive predictor of
recovery from LBP.
Widespread pain
Widespread pain has been examined as a possible physical prognostic factor for LBP
outcomes. The presence of widespread pain could be an indicator of centralization, which has
been found to be a predictor of disability after 6 months of treatment.13 Widespread pain has been
defined as the presence of strong leg pain, distal leg pain, or upper body pain8 or a drawing of
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multiple areas on a pain diagram.5 Many studies have demonstrated that widespread pain was a
strong prognostic indicator for disability, both at 6 months13 and 12 months.8,14 One study by
Abbott and Kingan5 did not find widespread pain to be a significant prognostic factor in their
analysis. The majority of the literature reviewed, however, shows strong correlation that
widespread pain is a negative predictive factor in patients with LBP.
Radicular pain
Radicular pain or pain into the legs has been used in numerous prognostic studies for
LBP. While George et al13 found that men with leg pain at baseline was a prognostic factor for
disability, a review of 9 LBP studies that measured pain as prognostic indicator identified
radicular pain below the leg as a significant factor for long term disability.15 Other studies simply
mention that radicular pain was included as part of prognostic models or analyses.10,1 The
presence of radicular symptoms with LBP appears to be a significant negative indicator for poor
outcomes in the long term.
Prescribed drugs
Traeger et al10 used prescribed drug use as a prognostic factor in their study, delineating it
as a yes/no question. They did not define a class or type of medication, but only asked if the
patients were taking medication for their low back pain.

Total Visits
Cook et al3 used total visits as an outcome measure in their study, placing the standard at
6 visits as they felt this number reflected thorough and efficient care in terms of cost.3
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Additional Prognostic Factors
Other prognostic factors that were not available in this project’s data have been used in
LBP prognostic studies, including work status, eligibility for the clinical prediction rule (CPR)
for spinal manipulation, and psychosocial factors. Employment factors such as absence from
work and being unemployed have been shown to predict negative outcomes at 12 months.8,14 It
has also been demonstrated that a low initial ODI score can be predictive of worsening work
status in the LBP population.16 The influence of psychosocial factors as prognostic factors in
LBP is a controversial subject. It has been suggested that psychosocial factors such as fear
avoidance and depression have predicted negative outcomes in both the short and long term,17
which runs counter to others who have found no influence of those factors on LBP.7 Differing
study populations or design may contribute to the differences in study findings. Perhaps subjects
who are anxious about their symptoms and actively seek treatment may already have more
severe chronicity or disability secondary to their LBP.
Others have suggested that negative beliefs regarding their own LBP, including fear of
extended length of LBP symptoms or disability as a result of LBP, are negative predictors of
disability in the short term of 618 to 12 months19,20,21 and the long term of 5 years.7 Finally,
eligibility for the manipulation CPR includes meeting 4 of the 5 following criteria: pain > 16
days, no symptoms distal to the knee, FABQ score > 19, internal rotation of at least one hip >
35º, and hypomobility of at least one level of the lumbar spine. The CPR for spinal manipulation
was found to be the most robust prognostic factor across 4 different predictive models in a study
by Cook et al.3 In this light, the manipulation CPR’s role could serve as a valuable prognostic
factor LBP patients.
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Discussion of Psychometric Properties of the Oswestry Disability Index (ODI)
Validity
Validity is the ability of a tool to measure what it intends to measure.22 The face and
content validity of the Oswestry Disability Index (ODI) has been addressed in the literature.
Patients experiencing low back pain (LBP) for the first time who were expected to improve over
time was concurrently correlated with improvements in ODI scores.23 Another analysis of 81
patients who improved over a 5-week period was shown to correlate with an expected
improvement in disability as demonstrated by improved ODI scores.24 A validation of the ODI
that included relating patient behavior to the responses of the questionnaire demonstrated strong
correlations with the sitting (tau = 0.41) and walking (tau = 0.46) sections of the questionnaire,
and to a lesser extent, the lifting category (tau = 0.32).25
The construct validity of determining whether the wording used in the ODI reflects
different aspects of disability related to LBP has support in the literature. The ODI has been
correlated with a number of other outcome measures in terms of low back pain (LBP) that
contributes to disability. The ODI has been moderately correlated with the Visual Analogue
Scale (VAS) of pain (r = 0.62)26 and (ρ = 0.69).27 A comparison of the intercorrelation between
subject disability using the Pain Disability Index (PDI) and the ODI demonstrated a high
correlation between the two outcome measures (ICC = 0.83).26 The ODI was also moderately (p
< 0.05) to strongly correlated (p < 0.01) with the PDI and the ability to perform three physical
tests (repetitive sit ups (r = 0.30); repetitive arch ups (r = 0.35); and repetitive squat test (r =
0.41) used to determine overall disability of patients in daily activities in patients with LBP.28
The ODI shows moderate correlation with another pain measure, the McGill Pain
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Questionnaire.29,30 Moderate correlations have been shown between the ODI and the 36-item
Short Form Survey (SF-36) in demonstrating low back disability.31
Comparisons between the ODI and physical performance measures have supported the
construct validity of the ODI. The ODI was a stronger predictor for return to work in LBP
patients than an opto-electric device that measured trunk kinematics at 12 weeks (ODI, r = 0.82;
device, r = 0.70), 24 weeks (ODI, r = 0.81; device, r = 0.65), and 52 weeks (ODI, r = 0.85;
device, r = 0.30) .32 The ODI has also successfully predicted isometric muscular endurance.33
Improvements with ODI scores have been associated with patients who ‘centralize’ in the
McKenzie evaluation system, suggesting that improved back symptoms are consonant with
improved ODI scores.34
Reliability
The ODI has been examined by various authors to determine its test-retest reliability. One
study of LBP in nurses separated the test-retest reliability into different subsections and found
the following:35
•

excellent test-retest reliability (n = 33) for ODI subsections of walking (ICC =
0.78, 95% CI [0.60, 0.88]), sleep (ICC = 0.82, 95% CI [0.67, 0.91]), and total
ODI score (ICC = 0.88, 95% CI [0.77, 0.94]).

•

adequate test-retest reliability (n = 33) for ODI subsections of pain intensity (ICC
= 0.65, 95% CI [0.40, 0.81]), lifting (ICC = 0.74, 95% CI [0.53, 0.87]), sitting
(ICC = 0.71, 95% CI [0.48, 0.85]), standing (ICC = 0.59, 95% CI [0.31, 0.78]),
social life (ICC = 0.52, 95% CI [0.22, 0.73]), and travel (ICC = 0.51, 95% CI
[0.21, 0.73]).
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•

poor test retest reliability (n = 33) for ODI subsection of sex (ICC = 0.25, 95% CI
[-0.11, 0.55]).

In terms of time period, the ODI has shown excellent test-retest reliability in patients with
at least 2 months of back pain when the test-retest interval is 1 week (ICC = 0.83).26 In a
comparison of 5 different LBP disability questionnaires, the ODI was shown to be one of the
most reliable in demonstrating an ability to detect improvement or worsening.36 The ODI has
been shown to have a test-retest reliability over 24 hours (r = 0.99)23 and over 1-14 days (ICC =
0.94).37

Responsiveness

The ODI has been deemed a useful functional status questionnaire for measuring change
in patients with LBP.38 While some authors have had difficulty determining a minimal clinically
important difference (MCID) for the ODI,38,39 others have proposed a variety of values to
describe an MCID. Some have opted to describe an MCID of in terms of a percentage, namely a
50% improvement.3,40 Others have described the MCID in terms of an improvement in the raw
score. These values are mainly in the range of 4 to 11 points,24,41,42,43,4,44,45,46, 47 with the most
consistent value set at 10 points.44,45,48,47 The lower range of 4-6 points has been suggested to be a
useful clinical cut-off score to determine if patients’ disability had improved or not after a 6
week period.24 This lower MCID threshold may be appropriate for patients with acute back pain
because of its ability to establish a meaningful change after 6 weeks. Hagg et al45 found that an
MCID of 10 was the lowest number they could identify within a 95% confidence interval. Ostelo
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et al46 proposed that acute sufferers of LBP may have higher ODI scores than those suffering
from chronic LBP and suggested that 10 was an acceptable MCID value on the ODI, based on
previous research. This recommendation was bolstered by the fact that Lauridsen et al49 found an
average of 11 for their MCID across a stratification of patients with differing baseline ODI
values and symptoms. Because a range of values from 4 to 11 have been reported in the
literature, it would stand to reason that a range of MCIDs for the ODI would be appropriate for
use in the logistic regression analysis used for this project. The trichotimization of the MCID
ranges for stastical analysis is discussed in the “Discussion of Logistic Regression Model in
Prognostic Studies” section below.

Discussion of Logistic Regression Model in Prognostic Studies
Multivariable analysis is a statistical tool used for understanding the contributions of
different factors to a single event.50 Logistic regression modeling is a form of multivariate
analysis and is used with dichotomous discrete categorical outcomes. Multinomial regression is a
form of categorical regression modeling in which trichotomous discrete outcomes are possible
and one of the outcomes used functions as the referent variable.50 In our research, the outcomes
are trichotomized by patients reaching a predetermined MCID of >10, 4-10, or < 4 points
improvement on the ODI representing a high, medium, or low change on the ODI. The lowest
MCID “did not meet” was the referent variable in the multinomial regression analysis.
The multivariable analysis helps to determine which prognostic factors lead to
improvements in disability, as measured by the ODI. Multivariate analysis allows many factors
to be examined independently, adjusting for potential confounding variables.50 This is performed
by estimating the conditional probability (holding all other variables constant), and the odds-ratio
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describes what happens to the probability of the outcome if a variable is increased by 1 unit.
Predictive models typically require more than “goodness-of-fit” statistics to account for how well
a predictive model explains the outcome. Often, an area under the receiver-operating curve
(ROC) displays the assessment of the predictive value of a logistic regression model over various
cut points of the probability of the outcome.51
The validity of a logistic regression model is affected by the sample size. For simple
univariate multinomial or logistic regression, Hosmer and Lemeshow52 have recommended a
minimum observation-to-variable ratio of 10:1, but cautioned that a number this low will likely
overfit a model. Their preferred observation-to-variable ratio is 20:1 for the multivariate
modeling.52 These sample size requirements for logistic regression are stated as outcomes per
variable rather than person per variable.50
An advantage of a logistic regression model includes the fact that few assumptions are
made, including the distribution of the outcome. Furthermore, the results can be interpreted
through the regression coefficients expressed as odds-ratios.53 The selection of prognostic
variables for use in a logistic regression should include quantitative and qualitative information
from published studies and clinical knowledge,53 as has been discussed earlier in the review of
the prognostic literature.
A hierarchical multinomial model can be used when the outcome of a response variable
can have multiple outcomes, or “polytomous [(≥ 3)] responses.”54 These responses are often
qualitative such as describing the severity of a disease. Polytomous responses may have
classifications that are not independent of each other, rather the response occurs in a consecutive
way, or “one category is nested in the previous one.”54 For example, if the response is the
number of alcoholic drinks a person drinks in a day, the first level is whether the person is a
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drinker or not. The next level could be defined as 1-3 drinks per day, and the following level as
4-6 drinks per day. The risk group at each level changes accordingly.54

Discussion of Prognostic Clinical Prediction Rules (CPR) for the Low Back Pain
A prognostic Clinical Prediction Rule (CPR) aims to identify specific clinical findings
that have shown significant predictability in the determination of a patient outcome when given a
specific treatment.55 Prognostic CPRs are generally developed using a three-step procedure with
the purpose to predict success or failure with an intervention.55 First, CPRs are generally derived
using multivariate statistical methods to determine the predictive ability of groups of specific
clinical or descriptive variables.55 Second, a randomized control trial (RCT) is used to validate
the CPR and to reduce the possibility that the originally chosen variables for the CPR were not
chosen by chance in the derivation stage.56 Finally, an impact analysis of the CPR is performed
to determine if the CPR can improve care, reduce costs, and accurately identify the originally
stated objective.56 A discussion of selected examples of prognostic CPRs for low back pain
(LBP) follows.
George et al57 examined the development of two CPRs for LBP: (1) to predict pain 6
months after receiving specific exercise for LBP; and (2) to predict disability 6 months after
receiving specific exercises for LBP. For pain, the researchers found that a lack of centralization
phenomenon at baseline predicted a higher pain intensity 6 months later.57 For disability, the
researchers reported patients who had a lack of centralization phenomenon and increased fearavoidance beliefs about work predicted higher disability after 6 months.57 These CPRs remain in
the derivation stage of CPRs.
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Hancock et al58 sought to develop a CPR to predict the time to recover from acute LBP.
Variables included in the rule were baseline pain ≤ 7/10, duration of episode ≤ 5 days, and ≤ 1
previous episodes. When all 3 variables were present, the median days to recovery was 6 days
(95% CI [4, 8]).58 If none of the variables were present, then the median days to recovery was 22
days (95% CI [11, 33]).58 This CPR also remains in the derivation stages of CPRs.
To date, only three CPRs for LBP have undergone validation status. The first is the
“Cassandra rule,” a CPR used to determine patients’ long-term risk for low back pain related
disability. The “Cassandra rule” was formulated from a population of LBP patients in a primary
care setting.59 The prediction variables were determined using the Symptoms Checklist 90
Revised (SL-90-R) questionnaire. Measurements of depression and of somatization from the
SL-90-R were used to classify patients considered at risk for having a score on the RolandMorris Disability questionnaire (RMDQ) indicating 50% or greater disability at 2 years.60 The
rule was validated in a prospective cohort study of 860 patients absent from work secondary to
LBP61 and in a prospective cohort study of 1,262 patients presenting to the emergency room with
nonspecific LBP.62
The other two CPRs that have undergone validation are the five-item and two-item Flynn
manipulation CPRs, each of which are comprised of specific guidelines for the appropriateness
of lumbopelvic manipulation.60 The CPRs purport that patients deemed appropriate for the
manipulation criteria are predicted to have positive outcomes in terms of back disability.60 The
five-item CPR for lumbopelvic manipulation includes the following five variables: symptom
duration (< 16 days), fear-avoidance beliefs (work subscale < 19), lumbar hypomobility (≥ 1
hypomobile segment), hip internal rotation range of motion (≥ 1 hip > 35º IR), and no symptoms
distal to the knee.63 Patients who demonstrate at least 4 of the 5 variables are considered
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appropriate for lumbopelvic manipulation, with a successful outcome defined as an improvement
of at least 50% on the ODI.63 At least nine validation studies have investigated this CPR in terms
of generalizability and whether the CPR is a treatment effect modifier.60 A treatment effect
modifier is generally a patient attribute at baseline that can be used to classify subgroups of
patients who experience different outcomes from a specified intervention.58 A predictive CPR
that is comprised of individual patient attributes, such as the Flynn manipulation CPR,64 can
itself be considered a treatment effect modifier.60 Positive baseline status of the Flynn
manipulation CPR, generally considered as ≥ 4 of the above conditions met, has been shown to
predict reduced disability in numerous studies,60 but most specifically when the definition of
success was a 50% improvement on the ODI.4
The two-item CPR for lumbopelvic manipulation has been proposed that uses the
variables of duration (< 16 days) and distribution of symptoms (none distal to the knee).65 The
two-item version has been found to correctly classify patients as the same as the five-item
version 84% of the time.60 Patients treated with both thrust and non-thrust manipulation that met
the variables of the two-item version have been shown to experience greater clinical
improvements than those who did not receive manipulation.66 Furthermore, the patients receiving
thrust manipulation gained similar clinical outcomes more efficiently than those who received
non-thrust manipulation.66 This favorable effect of thrust manipulation when meeting the criteria
for the two-item manipulation CPR has been corroborated elsewhere in the literature.67 Both
validation studies of the two-item CPR excluded patients who were negative for the criteria,
which prevents the evaluation of the rule’s predictive accuracy in identifying patients with
alternate likelihoods of improving.60 The eligibility for the five-item manipulation CPR has been
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found to be a prognostic indicator of multiple outcomes including improved ODI score,
improved Numeric Pain Rating Scale change scores, total visits, and reported rate of recovery.68
A 2015 systematic review identified 30 prognostic or predictive CPRs, with only the
above 3 mentioned CPRs reaching the validation stage.60 Because the others have not been
validated, they cannot be recommended for clinical use at this time. However, clinicians may
wish to use their knowledge of identified individual predictors that make up portions of these
rules to carefully inform their prognostic clinical judgements.60 The use of a checklist has been
suggested to create consensus-based guidelines to improve the standards of developing CPRs in
further research.69 The novel addition of our current capstone project to the possible development
of a prognostic CPR for LBP includes costs, which is rarely if ever captured in the existing
literature.
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