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Significance
Using data from a large observational prospective study, this work identifies four distinct clusters of
patients with imaging confirmed disc-related sciatica. This classification could be used when
considering prognosis and management with sciatica patients at their initial consultation.

Abstract
Background
Referral to secondary care is common for a considerable proportion of patients with persistent
sciatica symptoms. It is unclear if information from clinical assessment can further identify distinct
subgroups of disc-related sciatica, with perhaps different clinical courses.
Aims
This study aims to identify and describe clusters of imaging confirmed disc-related sciatica patients
using latent class analysis, and compare their clinical course.
Methods
The study population were 466 patients with disc-related sciatica. Variables from clinical assessment
were included in the analysis. Characteristics of the identified clusters were described and their
clinical course over two years, was compared.
Results
A four cluster solution was optimal. Cluster 1 (n=110) had mild back and leg pain; cluster 2 (n=59)
had moderate back and leg pain, cluster 3 (n=158) had mild back pain and severe leg pain; cluster 4
(n=139) had severe back and leg pain. Patients in cluster 4 had the most severe profile in terms of
disability, distress and comorbidity and the lowest reported global change and the smallest
proportion of patients with a successful outcome at two years. Of the 135 patients who underwent
surgery, 42% and 41% were in clusters 3 and 4 respectively.
Conclusions
Using a strict diagnosis of sciatica, this work identified four clusters of patients primarily
differentiated by back and leg pain severity. Patients with severe back and leg pain had the
most severe profile at baseline and follow-up irrespective of intervention. This simple classification
system may be useful when considering prognosis and management with sciatica patients.
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For most patients with sciatica (lumbar nerve root pain), the clinical course is generally favourable.
However, a considerable proportion, up to 30% (Koes et al., 2007), usually those with more severe
initial symptoms, will continue to suffer from pain and related disability after one year. In most
cases, sciatica is caused by lumbar disc herniation and is associated with pain in the leg, usually
below the knee with or without accompanying numbness, reflex change or muscle weakness (Koes
et al., 2007). Referral to secondary care is common among the group of patients with persistent
severe symptoms, for further diagnostic tests, injections for pain relief or spinal surgery. This
contributes to the considerable costly impact of sciatica to society, with an estimated impact to the
UK economy of £268 million direct costs and £1.9 billion indirect costs per annum (Foster et al.,
2017).
Currently sciatica management is mainly a stepped care approach, starting with non-invasive
treatment and progressing to more invasive options if symptoms persist and if appropriate. The
effectiveness of medications in managing sciatica in primary care, is unclear (Pinto et al., 2012),
active physiotherapy treatment is beneficial for some patients but evidence to support its efficacy is
not strong (Albert and Manniche, 2012; Luijsterburg et al., 2008), and both spinal injections and
surgery show faster improvement in the shorter term but longer term outcomes are similar
irrespective of treatment (Chou et al., 2015; Peul et al., 2007; Valat et al., 2010). It is clear that some
patients with sciatica respond more favourably to certain interventions (Lurie et al., 2014), but we
do not know how to match patients to treatments, more effectively.
When comparing outcomes among an overall group of ‘sciatica’ patients, the differences are diluted.
Identification of subgroups of patients with disc-related sciatica may help clinicians to tailor
treatment according to patient characteristics and give more informed guidance on likely outcomes.
Previous work derived from a primary care cohort of patients which included a wide spectrum of
back-related leg pain, in terms of symptoms severity, identified five hitherto unrecognised clusters
of low back-related leg pain (LBLP) patients, including sciatica (nerve root/radicular pain), with
different characteristics and clinical course, using clinical assessment information (Stynes et al.,
2018). Three clusters identified were considered to represent patients with mild, moderate or severe
sciatica symptoms, a cluster with leg pain but not due to nerve root involvement (referred pain) and
a cluster that was clinically difficult to define, labelled “atypical sciatica”.
The work presented in this paper replicates the statistical technique of cluster identification
previously used in LBLP patients, but with a much tighter definition of sciatica that minimises
diagnostic uncertainty. It also tests if clusters already identified in a primary care population are
similar to those seen in sciatica patients recruited from a secondary care setting.
The aim of this work was to identify clusters of patients with imaging (magnetic resonance imaging
(MRI) or computer tomography (CT)) confirmed disc-related sciatica, using items from baseline
clinical assessment.

Methods
The study used data from patients with sciatica and lumbar disc herniation confirmed by imaging,
who were participating in a prospective, multicentre, observational study. First, the optimal number
of clusters of patients with disc-related sciatica were identified using latent class analysis, second,
the clusters were compared on baseline sociodemographic, disability, health, psychosocial and workrelated characteristics, third, the clinical course of the clusters in terms of pain and disability over 2
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years was determined, and fourth, the influence of management strategies on improvement of
patients in the various clusters, was described.
Details of the cohort and longitudinal data results have been published (Grovle et al., 2008; Haugen
et al., 2012). A brief overview of the study methods and baseline cohort characteristics are given
here.
Patients were recruited from specialty back pain clinics at four hospitals in southeast Norway.
Referrals to the clinics were from primary health care settings. At the routine back clinic
appointment, eligible patients were informed about the study by a physician or physiotherapist.
Inclusion criteria were age over 18 years and radiating pain below the knee or paresis, and a disc
herniation at the corresponding level and side according to MRI or computed tomography (CT).
Exclusion criteria were prior surgery at the same disc level, fracture, infection, malignancy,
pregnancy, and lack of fluency in Norwegian. At the first visit, all eligible and consenting participants
underwent a standardised clinical assessment by a physiotherapist or physician and completed a
baseline self-report questionnaire. Follow-up postal questionnaires were sent to participants at 3, 6,
12 and 24 months. At the baseline clinical assessment, the clinician gave patients usual information
about their sciatica condition, general advice to stay active and use pain medication as needed. In
patients with severe symptoms, surgery was performed at the discretion of the individual surgeon
(Grøvle et al., 2014).
At baseline, data were available for 466 patients (female 198 (43%), mean age 43.6 (sd 11.5)). The 3,
6, 12 and 24-month questionnaires were answered by 434 (93.1%), 423 (90.8%), 409 (87.8%) and
380 (81.5%) patients, respectively.
A total of 41% (n=192) of patients had leg pain duration of less than three months, 43% (n=156) had
leg pain duration of 4-6 months and 25% (n=116) had leg pain for longer than 6 months. Average
pain intensity during the previous week (0-100) was 42.6 (sd 30.0) for back pain and 63.2 (sd 28.2)
for leg pain. Mean disability assessed by the Maine Seattle Back Questionnaire (MSBQ; 0-12) was 8.1
(sd 2.6). One fifth of the sample (n=92) were currently in work, 11% were on partly sick leave (n=51)
and 57% on sick leave/disability pension (n=267).
Neurological examination findings showed 203 patients (45.6%) had a myotome deficit, 213 (45.7%)
a reflex deficit and 273 (58.6%) patients had a sensory deficit, with 81% (n=375) of patients overall
having a neurological deficit in the lower limb. A positive SLR was recorded in 57% (n=267) of
patients. Further details of the physical examination measurements are given in Table 1.
During the 2-year follow-up, 29% (n=135) of patients were treated surgically for their disc-related
sciatica, 23 of whom (17%) were lost to follow-up at 2 years. Most patients (81%) underwent surgery
within 3 months of the baseline assessment.
Variables included in the latent class modelling
Eight variables were chosen a priori from the set of available self-report and clinical assessment
variables. These variables were chosen to mirror as much as possible, variables used in previous
latent class (LC)/cluster identification in a cohort of LBLP patients (Stynes et al., 2018), and reflect
criteria that best distinguish clinical features of sciatica (Lin et al., 2014; Stynes et al., 2016).
Two of the included variables were on a continuous scale (leg pain intensity 0-10; back pain intensity
0-10). The remaining variables were binary (yes/no): sensory bothersome; leg pain worse than back
pain; positive straight leg raise, myotomal (strength) deficit, reflex deficit, sensory deficit. (See Table
1 for description of variables).
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Latent class model development
The aim of LC modelling is to identify meaningful groups or clusters, previously unobserved in a
population, that are similar in their responses to measured variables (Muthen, 2004). The clusters
are fitted consecutively starting with a two cluster solution. The optimal number of clusters are
identified based on the following criteria:
(i) Bayesian Information Criterion (BIC) (a lower BIC is preferred) and the bootstrapped parametric
likelihood ratio test (LRT) which assesses if the addition of a cluster significantly improves the model
fit (Nylund et al., 2007); entropy measuring the overlap between clusters (0 to 1, closer to 1 is
optimal) (Collins and Lanza, 2010) and average posterior probabilities to indicate clear distinction for
individuals allocated to that cluster (Clark et al., 2006) (values should be greater than 0.7).
(ii) A cluster size of at least 10% of the sample (Green et al 2015, Nasserinejad et al 2017).
(iii) Conditional mean scores (continuous variables) and item conditional probabilities (range 0 to 1)
to the binary variables in the LC modelling. A probability of 1 means that all patients in that cluster
responded “yes” to that item e.g. all had ‘a sensory deficit”. Probabilities closer to 0.5 reflect more
uncertainty in distinguishing clusters (Green et al., 2015).
To help assign a descriptive label to the identified clusters, the clinical meaningfulness and
interpretability of the clusters were considered.
Cluster characteristics
The identified clusters were described and compared across baseline characteristics which included:
age, gender, smoking and work status, history of previous sciatica and duration of symptoms.
Emotional distress was measured using the Hopkins Symptom Check List (HSCL- 25) (Derogatis et al.,
1974) which includes 25 items to assess anxiety and depression symptoms during the previous week.
Each item has four response categories ranging from not at all (1) to extremely (4) and the score is
calculated as the sum of all items divided by the number of items answered. A clinical cut-off of 1.75
is commonly used to define symptomatic cases (Sandanger et al., 1998). The Sciatica
Bothersomeness Index (SBI) (0-24), based on a composite score of self-reported ratings (0-6) of
bothersomeness of (i) leg pain, (ii) sensory disturbance in the lower limb (iii) leg/foot weakness (iv)
back or leg pain while sitting (Patrick et al., 1995). Higher scores indicate worse symptoms.
The bodily pain and physical functioning subscales of the quality of life SF-36 questionnaire (Ware,
2000) were used. Scores range from 0 to 100, higher values indicate better health.
The comorbid subjective health complaints (SHC) (0-27) inventory included 27 health complaints
such as muscular pain, stomach pain and discomfort, hot flushes, extra heart beats, sleep problems,
tiredness, dizziness (Eriksen et al.,1999; Ihlebaek et al., 2007). Patients graded the intensity of each
complaint during the previous month as not at all (0), a little (1), some (2) or severe (3). Each item
was dichotomised to absent (0) or present (1, 2, 3) (Haugen et al., 2011). The Tampa Scale for
Kinesiophobia (TSK) [13-52], a 13-item, four-point questionnaire where higher scores indicate
increased kinesiophobia (fear of movement) (Haugen et al., 2008; Vlaeyen et al., 1995).
Patients who underwent surgery for disc herniation reported the date of surgery in follow-up
questionnaires.
Clinical course
The clinical course of the identified clusters was examined over a 24-month period, for leg pain, back
pain, and back and leg pain related disability. Leg and back pain intensity during the previous week
were measured using a 100-mm Visual Analogue Scales (VAS) with 0 = No pain and 100 = Maximum
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pain at the scale endpoints. Disability was measured using the Maine-Seattle Back Questionnaire
(MSBQ), a 12 item scale with scores ranging from 0 to 12 with higher scores indicating greater
disability (Atlas et al., 2003; Grovle et al., 2008).
At each follow-up time point, participants rated the change of their sciatica/back problem from
baseline on a global perceived change (GPC) scale as either completely gone, much better, better, a
little better, no change, a little worse, and much worse
The proportion of patients that proceeded to have spinal surgery was described for each cluster, and
for those patients who did and did not have surgery, the proportion with a successful outcome
(dichotomised as a MBSQ < 5 score) was described as well as the proportion who self-reported
recovery of their sciatica/back problem (‘completely recovered’ or ‘much better’ on the GPC).
MSBQ≥5 is a validated outcome measure in this sciatica cohort (Haugen et al., 2011) with a cut off of
4.5 having the highest sensitivity and specificity against the GPC score as an external criterion.
Analyses
Each characteristic was compared across the number of identified clusters using ANOVA for
continuous variables (Kruskall Wallis test when normality and homogeneity of variance assumptions
were not met) and Pearson’s Chi squared test (Fisher’s exact test used for cell frequencies <5) for
categorical variables. Analyses were two tailed and considered statistically significant if p<0.05. LC
modelling was performed in Mplus version 7 (Muthen and Muthen Los Angeles, CA).
Ethical approval for the cohort study was approved by the Regional Committee for Medical Research
Ethics (East-Norway) and The Ombudsmann for Privacy in Research at the Norwegian Social Science
Data Services.

Results
Latent class modelling was performed on the baseline data of 466 patients.
Model development
A four cluster LC solution was optimal when statistical indices of fit (table 2) and clinical
meaningfulness of the clusters was considered. The bootstrapped LRT p-value remained significant
for all cluster solutions suggesting the model fit improved every time a cluster was added to the
model. There was high probability of individuals in the 4 cluster solution being classified to their
allocated group, with all average probabilities > 0.92. Compared to the 2 and 3 cluster solution, the
entropy was highest (0.875) and BIC was lowest. In the 5 cluster solution, entropy was the same
value as the 4 cluster solution and BIC was lower, however when the clusters were compared on
clinical meaningfulness, the item response probabilities of categorical variables of two of the clusters
was identical and there were only small differences in baseline mean leg and back pain intensity
values between these two clusters. The 6 cluster solution had a small sample size of less than 10% in
one cluster (n=35) and on examination of the additional two clusters, they were similar to the mild
and severe cluster with slightly different pain intensity levels. Therefore, it was decided that
including an additional one or two clusters, added to the complexity of the classification without
offering further clinical value.
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Table 2 Statistical indices of fit of the latent cluster models of disc-related sciatica patients
Description of clusters
The 4 cluster response probabilities to the clinical assessment items and their corresponding back
and leg pain intensity (converted from 0-100 to a 0-10 scale) are displayed in Figure 1. The most
discriminating items for the four clusters were pain intensity and the relationship between back and
leg pain intensity (see Table 3). Pain intensity is described as mild (≤3/10), moderate (4 to 7/10) and
severe (>7/10) intensity). Clusters are labelled according to leg and back pain intensity, sorting them
from minimum to maximum leg and back pain. Patients in cluster 1 (n=110) had low intensity back
and leg pain with leg pain slightly higher than back pain intensity. We labelled this cluster ‘mild’.
Patients in cluster 2 (n=59) had moderate intensity back and leg pain with back pain slightly higher
than leg pain intensity labelled as ‘moderate’. Patients in cluster 3 (n=158) had low intensity back
pain and high intensity leg pain labelled as ‘mild back and severe leg’. Patients in cluster 4 (n=139)
had high intensity back and leg pain with leg pain greater than back pain labelled as ‘severe’.
Probability of being bothered by paraesthesia in the legs (sensory bothersome) was least for patients
in clusters 1 (0.24) and 2 (0.34). Information from the neurological assessment of myotome or reflex
deficit did very little to improve the discrimination between the clusters, with probabilities ranging
from 0.37 (cluster 2, myotome deficit) to 0.54 (cluster 3, reflex deficit) across the clusters. Sensory
deficit was slightly more discriminatory, with lowest probability in cluster 2 (0.44) to highest in
cluster 3 (0.69). Probability of a positive SLR was slightly more discriminatory with patients in cluster
1 having the lowest probability of a positive SLR (0.35), and the highest probability in clusters 3
(0.70) and 4 (0.67).
Fig. 1 Four cluster latent class analysis solution. Item response probabilities of categorical variables
(left vertical axis) and baseline mean leg and back pain intensity (right vertical axis)
Cluster characteristics
The clusters differed significantly in all baseline characteristics with the exception of age, gender,
symptoms duration and level of imaging confirmed disc herniation (Table 3). Observed differences
across all other measures were explained by the mild cluster which scored “low” on most variables
compared to the other three clusters. Clusters 2 (moderate) and 3 (mild back, severe leg) had similar
profile scores across all domains. The greatest proportion of smokers was in cluster 4 (severe) (52%),
the lowest in cluster 2 (moderate) (34%). Patients in cluster 4 (severe) had the most severe profile
including the highest levels of disability (MSBQ), distress (HSC) comorbidity (SHC), fear avoidance
(FABQ), sciatica bothersomeness (SBI), kinesiophobia (TSK) and poorest general health score (PF36).
Table 3 Baseline characteristics of the total sample and 4 clusters with disc-related sciatica
Clinical Course
The response rate for individual clusters to the questionnaires were almost identical at 3, 6 and 12
months to the overall average response rates at each time point. At 2 years, the response rates from
clusters 2 (moderate) and 4 (severe) were slightly lower than the overall average with responses
from 78% and 77% of patients in clusters 2 and 4 respectively.
Leg pain and disability scores improved over the two-year period for all clusters (figure 2), with the
greatest improvement seen from baseline to 3 months after which the improvement was more
gradual. The same trend was seen in back pain for clusters 2 (moderate) and 4 (severe), whereas
back pain scores for clusters 1 (mild) and 3 (mild back, severe leg) remained consistently low over
the two years.
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The lowest reported global perceived change (recovery/improvement) (sciatica/back pain
completely gone/much better) was reported by patients in cluster 4 (severe) at one and two years
(41% of patients at 12 months, 44% at 24 months) followed by cluster 2 (moderate) (47% of patients
at 1 year, 57% at 2 years). At 12 months, clusters 1 (mild) and 3 (mild back, severe leg) reported 60%
and 64% recovery respectively, increasing to 66% for both clusters at 24 months.
Fig. 2 Clinical course over 24 months of back pain (top figure), leg pain (middle figure) and
disability (bottom figure) for the 4 clusters
Outcomes in surgical patients
Of the 135 patients who underwent surgery, 42% (n=56) and 41% (n=55) were in clusters 3 (mild
back, severe leg) and 4 (severe), respectively, 7% were in cluster 1 (mild) (n=10) and 10% in cluster 2
(moderate) (n=14). At 12 months, the proportion of patients with a successful outcome (MSBQ < 5)
following surgery ranged from 78% (cluster 2) to 52% (cluster 4). At 24 months, cluster 4 had the
lowest proportion of patients with a successful outcome (48%) following surgery. The proportion
with a successful outcome was the same amongst those who did and did not have surgery.

Discussion
This study used the statistical method of latent class modelling to reveal four distinct clusters of
patients with disc-related sciatica. The clusters give further insight into the variability in the
characteristics and clinical course of patients within the clear diagnostic classification of imaging
confirmed disc-related sciatica, not previously identified in the literature. The clusters are modelled
based on their back and leg pain intensity and response to items from clinical assessment. The four
identified clusters of sciatica patients are primarily differentiated by the intensity of their back and
leg pain and the relationship between back and leg pain intensity. Leg pain intensity was greater
than back pain in all clusters except cluster 2 (moderate). Patients with severe back and leg pain
(cluster 4) had the most severe profile at baseline, scoring high on measures covering different
domains in the biopsychosocial model (physical, psychological and social domains). Cluster 4 also
had the least favourable pain and disability outcomes at 2 years and the lowest proportion of people
in the cluster reporting improvement.
The presence of any neurological deficit is well documented and accepted as a diagnostic criterion
for sciatica (Lin et al.,2014; Stynes et al., 2016). However in this analysis, items from the neurological
examination did little to differentiate between the clusters because the number of patients with
myotome, reflex or a sensory neurological deficit were relatively evenly spread across the four
clusters. It was not considered necessary to model clusters using individual nerve root level
myotome, reflex or sensory deficits as there is no evidence in the literature to suggest that this level
of detail is implicated in the impact or prognosis of sciatica. Furthermore, the distribution of the
level of disc herniation confirmed by imaging was evenly spread among the four clusters.
Patients in the two clusters with very high leg pain intensity (clusters 3 (mild back, severe leg) and 4
(severe)) had more sensory bothersomeness and positive SLR than clusters 1 (mild) and 2
(moderate). In this sciatica cohort, patients’ perception of sensory bothersomeness was associated
with greater impact on work function and emotional distress (Grøvle et al., 2013).
Although most of the cohort were in employment, 80% were not at work due to sick leave or
disability pension at baseline. This figure is very high but similar proportions of sciatica patients who
took time off work (79%) were seen in a Dutch randomised clinical trial comparing surgery with
conservative treatment (Peul et al., 2007). In this Norwegian secondary care cohort, pain and
disability levels are also similar to other secondary care sciatica cohorts (Peul et al., 2007).
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Proportions of patients with “chronic” symptoms, i.e. more than 3 months, were similar across the 4
clusters, ranging from 60% (cluster 3, mild back, severe leg) to 69% (cluster 2, moderate). The
highest proportion of smokers was seen in cluster 4 (severe), and comorbid subjective health
complaints (SHC) were highest in clusters 2 and 4. Previous analysis on this cohort showed that
smoking, alongside male gender, higher scores for back pain and not having surgery, were associated
with poor outcome at 12 months and a high score for comorbid SHC was the only variable that
predicted a poor outcome / non-success at 12 and 24 months (Haugen et al., 2012).
The clinical course for leg pain and disability was favourable for all 4 clusters, with most
improvement seen in the first 3 months. This early improvement is confirmed in other sciatica
trajectory studies (Stynes et al., 2018) and is also seen in cohorts with non-specific low back pain
(Axen & Leboeuf-Yde, 2013; Downie et al., 2016). An interesting observation is the early
improvement in pain and disability across the 4 clusters despite approximately 2/3 of patients in all
clusters having their pain for over 3 months. Although this phenomenon of early improvement is
difficult to explain in an observational cohort, the process of referral to a specialist, inclusion to a
study, and subsequent information and advice about their diagnosis and treatment received may
have contributed to initial symptom improvement. In those that received surgery, the majority had
their surgery within 3 months of inclusion to the study. Patients in the four clusters remained in
some pain and disability at 12 months, but disability scores for cluster 4 (severe) remained at least 5
on the MSBQ at 12 and 24 months which is considered a poor outcome. When patients were asked
to rate their own recovery, the proportion reporting they were completely better or much better,
reflected the trends seen in disability scores, with the lowest proportion seen in cluster 4 (severe).
Strengths and Limitations
The strengths of this work include using a rich data set to combine a statistical technique to identify
clusters of patients, with clinical judgement to assist interpretation of the clusters. The description of
the clusters is based on a comprehensive dataset of self-report and clinical assessment information.
The sample population represents a group with a clear sciatica definition based on clinical diagnosis
with concordant MRI or CT imaging findings. With the exception of surgical cohorts, sciatica
definition is inconsistent in the literature (Lin et al., 2014), making it a challenge to compare
characteristics and outcomes across sciatica studies. Mapping the clinical course of the 4 clusters is
robust as there was a high response rate (>80%) at each time point.
A limitation of the work is that the identified clusters are based on the chosen variables to model the
groups and arguably more distinct or clinically relevant clusters could have been identified with the
inclusion of different variables. Variable selection was decided a priori and chosen to reflect baseline
information gained from a clinical assessment, in order to explore if this information could help
differentiate or distinguish hidden or latent groups not readily discerned by the clinician.
A number of patients eligible for inclusion in the cohort study were either not invited or declined
participation. There is limited data available on these patients therefore participation bias is possible
if those who did not participate differed from participants on key characteristics.
To explore generalisability of these clusters, they should be confirmed and validated in other discrelated secondary care sciatica cohorts.
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Clinical Implications
For patients with MRI confirmed disc-related sciatica, this work reveals the variability of
presentation and clinical course and identifies more homogenous groups.
The different trajectories over time of the individual clusters, gives more information as opposed to
examining the average clinical course of the whole cohort. This detail could be helpful to patients
when discussing their potential prognosis, and to clinicians when considering available management
options.
Of the 135 patients that underwent surgery, the majority were in the two clusters with severe
profiles of pain intensity, comorbidities, disability and distress. We are unable to infer from our data
if this patient profile is more likely to have a higher influence on either the patient’s or surgeon’s
decision for surgical treatment, and which aspect of the patient’s presentation had a higher
influence on the decision. Published work has demonstrated that for patients, the decision whether
or not to undergo spinal surgery is a complex, multi-factorial process (Lam and Loke 2017) and a
survey of spinal surgeons showed that the surgeons own experience and ‘gut feeling’ was the
highest influence in the decision making process (Sollman et al 2018). This cohort study did not
include qualitative methods to explore the clinical decision making process for undergoing surgery,
but is undoubtedly an area that would benefit from further empirical evidence.
The observed differences in clinical course and outcomes of the severe leg pain sciatica patients,
with severe back pain (cluster 4) and mild back pain (cluster 3), might reflect the different pain
mechanisms involved. Irrespective of the clinical management (conservative and/or surgical), those
with severe back pain did less well, reflecting current management strategies inadequacy in relieving
back pain in sciatica.
An individual’s experience of low back pain with or without sciatica may be due to an interplay of
nociceptive, inflammatory, neuropathic and central sensitization pain perception modified by factors
including genotype and psychosocial characteristics (Vardeh et al 2016).
Even in the case of MRI confirmed disc-related sciatica, effectiveness of surgery to remove the
compressive mechanism or epidural steroid injection to target the inflammatory component, has
varied outcomes (Vardeh et al 2016, Jacobs et al., 2011).
Whether this is because the neuropathic component of low back pain is not addressed, it is difficult
to ascertain, but it may be a possibility, as the initial nocioceptive activity from a degenerative
intervertebral disc may progress to involve microscopic nerve fibres causing local neuropathic pain
(Baron et al 2016, Vardeh et al 2016). Neuropathic pain is a challenge to manage, and many patients
with persistent LBP might have neuropathic pain that does not respond to existing treatments
(Baron et al 2016). Previous longitudinal modelling on a cohort of patients with low back-related leg
pain identified a “persistent severe” and “improving severe” group. The characteristics that
distinguished the persistent severe group were the patients were more likely to report leg pain of
potential neuropathic nature (measured using the self-report Leeds Assessment Neuropathic
Symptoms and Signs (S-LANSS) questionnaire) than those in the “improving severe” group. In our
sciatica cohort, features of neuropathic pain were not measured by self-report questionnaire or
concomitant clinical examination (e.g. Quantitative Sensory Testing (QST)) hence the potential role
of neuropathic pain within the clusters remains speculative.
Literature shows a limited number of factors associated with outcome in sciatica, all indicative of
condition severity or perceived severity (Ashworth et al., 2011; Fjeld et al., 2017; Konstantinou et al.,
2018; Verwoerd et al., 2013, Grovle et al., 2013). Currently for patients with disc-related sciatica,
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there is no consensus on which treatment works best for whom or the optimal timing of
interventions. This work uses diagnostic information and clinical course observations in patients with
a diagnosis of disc-related sciatica, which could be used to illustrate their potential clinical course
based on baseline presentation and plan management accordingly, within the limitations of current
effective management options for this condition.
Conclusion
The four clusters of sciatica patients identified in this work are primarily differentiated by the
severity of back and leg pain and the clinical course of those with more severe back pain is less
favourable. Patients with high intensity back and leg pain had the most severe profile at baseline and
follow-up irrespective of intervention. This simple classification system may be useful when
considering prognosis and treatment options with sciatica patients at their initial consultation and
encourage clinicians and researchers to also focus on addressing back pain levels in patients with
sciatica.
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Table 1 Description of variables used for latent class modelling

Self-report/history items
Leg pain intensity (0-100): was measured using the visual analogue scale (VAS) 0–100. Patients
were asked to rate their average leg pain during the previous week on 100-mm Visual Analogue
Scales (VAS) with 0 = No pain and 100 = Maximum pain. For the purpose of latent class modelling,
values were converted to a 0-10 scale.
Back pain intensity (0-100): was measured using the visual analogue scale (VAS) 0–100. Patients
were asked to rate their average back pain during the previous week on 100-mm Visual Analogue
Scales (VAS) with 0= No pain and 100 = Maximum pain. For the purpose of latent class modelling,
values were converted to a 0-10 scale.
Sensory bothersome (yes/no): A positive response was recorded if patient rated ≥4 out of 6 to the
question from the Sciatica Bothersomeness Index (SBI) (Patrick et al., 1995) “in the past week,
how bothersome were the symptoms of numbness or tingling in leg, foot or groin on a 0-6 scale
where 0 is ‘not bothersome’ and 6 is extremely bothersome’.
Leg pain worse than back pain (yes/no): A positive response was recorded if the patient’s leg pain
is worse/ or bothers them more than their back pain, calculated from the leg and back pain
intensity scores.
Physical examination items
Positive straight leg raise test (yes/no): A straight leg raise (SLR) test was defined as positive on
reproduction of the patient’s leg pain at ≤60 degrees during performance of the SLR test.
Reflex deficit (yes/no): A deficit was defined as either a reduced knee or ankle reflex in the
symptomatic lower limb(s).
Myotome deficit (yes/no). A deficit was defined as less than normal muscle strength (grade 5/5 on
Oxford manual muscle testing scale) in any of the tested myotome muscle groups of the
symptomatic lower limb(s): tiptoe walking (S1-S2); heel walking (L4-L5); hip abduction in standing
(L5), knee extension in standing (L3-L4); big toe extension (L5).
Sensory deficit (yes/no): A deficit was defined as either a reduced, significantly reduced or absent
(anaesthesia) response to light touch of dermatomal distribution areas in the symptomatic lower
limb(s).
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Table 2 Statistical indices of fit of the latent cluster models of disc-related sciatica patients
BIC

Entropy

Smallest
sample size a
(%)

2

8180.195

<0.001

0.825

165 (35%)

3

8063.765

<0.001

0.811

134 (29%))

4

7976.872

<0.001

0.875

59 (12%)

5

7950.368

<0.001

0.875

62 (13.3%)

6

7927.056

<0.001

0.895

35 (7.5%)

Accepted Article

Number
of
clusters

Bootstrapped
parametric
LRT p value

BIC Bayesian Information Criteria; LRT likelihood ratio test.
a

The number (proportion) of patients in the smallest class; at least
10% of sample should be in each class. The bold text indicates the
model selected as having the optimal number of clusters
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Table 3 Baseline characteristics of the total sample and 4 clusters with disc-related sciatica
Total
sample
(n=466)

Cluster
1
(n=110)

Cluster 2
(n=59)
Moderate

Mild

Cluster
3
(n=158)

Cluster
4
(n=139)

Mild
back,
severe
leg pain

Severe

*P
value

Age (years) mean (sd)

43.6
(11.5)

43 (11)

42 (11)

44 (12)

43 (12)

P=0.66

Gender (F) n (%)

198
(43%)

37
(34%)

30 (51%)

69
(44%)

62 (45%) P=0.14

Smoking n (%)
(sometimes/daily)

200
(43%)

45
(41%)

20 (34%)

63
(40%)

72 (52%) P=0.04

Not working n (%)

318
(68%)

66
(60%)

37 (63%)

109
(69%)

106
(76%)

Duration > 3mths n
(%)

272
(59%)

72
(66%)

40 (69%)

95
(60%)

86 (62%) P=0.63

Back Pain Mean (sd)

42.6
(30.0)

16.8
(12.6)

60.9
(11.7)

22.8
(15.8)

77.6
(14.5)

P<0.001

Leg Pain Mean (sd)

63.2
(28.2)

25.2
(13.8)

45.0
(12.7)

76.0
(16.0)

86.7
(11.0)

P<0.001

Disability

8.1 (2.6)

5.8 (2.5)

8.9 (1.9)

8.4 (2.2)

9.4 (2.1)

P<0.001

1.6
(0.43)

1.4
(0.34)

1.6 (0.49)

1.6
(0.40)

1.7
(0.44)

P<0.001

SHC (0-27)

7.5 (4.5)

5.7 (3.6)

8.5 (5.5)

7.0 (3.7)

8.3 (4.6)

P<0.001

FABQ (total)

30.2
(13.6)

24.5
(12.7)

31.7
(14.3)

29.8
(12.6)

33.6
(13.1)

P<0.001

SBI (0-24)

14.2
(5.0)

9.1 (4.0)

12.6 (4.3)

15.6
(4.0)

17.1
(3.8)

P<0.001

TSK (13-52)

27.2
(7.0)

25.2
(6.6)

28.2 (6.8)

27.4
(6.4)

28.2
(7.3)

P<0.005

P=0.02

Pain intensity (0-100)

(MSBQ 0-12) Mean
(sd)
Distress
(HSC 0-4) Mean (SD)
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69.2
(20.3)

74.0
(17.6)

69.0
(20.1)

70.2
(18.9)

66.5
(22.0)

P<0.012

SF36 Bodily Pain

22.7
(17.7)

37.1
(19.5)

25.0
(13.4)

19.6
(14.6)

13.9
(13.1)

P<0.001

SF36 Physical
function

49.7
(25.4)

70.8
(16.6)

48.7
(19.2)

46.7
(24.7)

40.9
(24.5)

P<0.001

4 (1%)

0 (0%)

2 (3%)

1 (1%)

1 (1%)

10 (2%)

2 (2%)

1 (2%)

1 (1%)

6 (4%)

172(37%) 39(36%)

20 (34%)

59(39%)

54 (39%) P=0.6

233(51%) 58(53%)

30 (51%)

81(52%)

64 (46%)

41 (9%)

6 (10%)

11 (7%)

14 (10%)
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SF36 General health

Level of disc
herniation (imaging
confirmed)
L2/3
L3/4
L4/5
L5/S1
Other

10 (9%)

*P value, Probability value tested across clusters 1 to 4 (not including total sample); sd,
standard deviation; F, female; MSBQ Maine Seattle Back Questionnaire; HSC Hopkins
Symptom Check List; SHC, Subjective Health Complaints; FABQ, Fear Avoidance Beliefs
Questionnaire; SBI, Sciatica Bothersomeness Index; TSK, Tampa Scale for Kinesiophobia; 
herniation at more than one disc level, lumbotransitional vertebra, other causes.
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Figure 1 Four cluster latent class analysis solution. Item response probabilities of categorical
variables (left vertical axis) and baseline mean leg and back pain intensity (right vertical axis)
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Figure 2 Clinical course over 24 months of back pain (top figure), leg pain (middle figure) and
disability (bottom figure) for the 4 clusters

Figure 1 Four cluster latent class analysis solution. Item response probabilities of categorical
variables (left vertical axis) and baseline mean leg and back pain intensity (right vertical axis)
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Figure 2 Clinical course over 24 months of back pain (top figure), leg pain (middle figure) and
disability (bottom figure) for the 4 clusters
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