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Understanding the course of back pain is important for clinicians and researchers, but analyses of longitudinal
data from multiple time points are lacking. A prospective cohort study of consecutive back pain consulters from ﬁve
general practices in the United Kingdom was carried out between 2001 and 2003 to identify groups deﬁned by their
pain pathways. Patients were sent monthly questionnaires for a year. Longitudinal latent class analysis was
performed by using pain intensity scores for 342 consulters. Analysis yielded four clusters representing different
pathways of back pain. Cluster 1 (‘‘persistent mild’’; n ¼ 122) patients had stable, low levels of pain. Patients in
cluster 2 (‘‘recovering’’; n ¼ 104) started with mild pain, progressing quickly to no pain. Cluster 3 (‘‘severe chronic’’;
n ¼ 71) patients had permanently high pain. For patients in cluster 4 (‘‘ﬂuctuating’’; n ¼ 45), pain varied between
mild and high levels. Distinctive patterns for each cluster were maintained throughout follow-up. Clusters showed
statistically signiﬁcant differences in disability, psychological status, and work absence (p < 0.001). This is the ﬁrst
time, to the authors’ knowledge, that latent class analysis has been applied to longitudinal data on back pain
patients. Identiﬁcation of four distinct groups of patients improves understanding of the course of back pain and
may provide a basis of classiﬁcation for intervention.
classiﬁcation; cohort studies; longitudinal studies; low back pain; primary health care; prospective studies; statistics

Abbreviation: RMDQ, Roland-Morris Disability Questionnaire.

(4, 5), and hypothetical time courses for these conditions
have been proposed (6). However, because of, in part, the
difficulties in measuring such symptoms and the repeated
measurements necessary (6), there is little empirical evidence to support these models. Previous study of the course
of low back pain has tended to provide data on only the
proportion of persons who have recovered or are still experiencing symptoms at various time points (2, 4). The majority
of longitudinal studies of low back pain are not designed
to characterize symptom course but to collect information
at baseline, which is then used to predict an outcome at
later time points, commonly 3, 6, or 12 months (7–10). A
few studies have gathered more detailed information over
shorter time periods (11, 12), but studies collecting detailed
measurements over a longer period of time are lacking.
Such studies using repeated measurements are necessary

Understanding the course of low back pain is important
for clinicians and researchers because it provides information on the need for, and potential benefits of, treatment
(1, 2). It also helps patients learn what to expect in terms
of symptoms, the impact of the problem on their life, and the
interventions they may receive. Information on symptom
course may enable patients with nonspecific low back pain
to be classified into clinically meaningful subgroups. There
are currently no accepted methods for classifying these patients, who constitute 85–95 percent of those seeking care
for low back pain (3). Thus, it is difficult to select clearly
defined subgroups of patients for clinical trials, and the
potential effectiveness of treatments may be masked by
the heterogeneity of the patients studied.
It has been suggested that long-term pain conditions, such
as low back pain, follow recurrent or fluctuating patterns
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to characterize the course of symptoms over time and to
group patients with similar symptom pathways.
The aim of this study was to identify and describe groups
of primary care low back pain patients defined by their
patterns of change in or stability of pain over time. There
were two main objectives: 1) to establish, using longitudinal latent class analysis, whether there were distinct groups
of patients with different pathways of back pain in the
6 months following primary care consultation; and 2) to determine whether membership in the groups was associated
with other characteristics at the initial time of consultation
or with subsequent outcome 12 months after consultation.
MATERIALS AND METHODS
Participants

The analyses presented here are based on data for 342
primary care low back pain consulters who returned a baseline questionnaire, consented to follow-up, and completed at
least four monthly questionnaires during the 6 months following baseline. The original sample consisted of 1,464
consecutive back pain consulters aged 30–59 years from five
general practices in the United Kingdom. Patients were
recruited during 2001 and 2002 and were followed up
from 2001 to 2003. This study was approved by the Local
Research Ethics Committee, and all patients received usual
care. All consulters were mailed a self-completion questionnaire within a week of consultation; 65 percent (n ¼ 935)
responded, and 83 percent (n ¼ 776) of them gave written
consent to be followed up using monthly questionnaires as
part of the study. A total of 619 patients (80 percent)
returned at least one questionnaire in the period up to the
6-month follow-up, 342 patients returned four or more questionnaires, and 188 patients returned and completed all six
follow-up questionnaires. Those consulters whose follow-up
data were complete, and the 342 who returned four or more
questionnaires, had similar characteristics and were representative of the total sample. Their levels of pain and disability were similar to those in the baseline responders who
either did not consent to follow-up or returned fewer than
four follow-up questionnaires.
Data collection

The baseline questionnaire collected information on demographic and work-related items including absence from
work because of back pain. Pain intensity was derived from
the mean of three 0–10 numeric rating scales for the least
and usual back pain over the previous 2 weeks, and from
current back pain intensity. Information was also collected
on the presence or absence of leg pain during the previous
2 weeks. The Chronic Pain Grade (13) classified persons into
one of five grades of chronic back pain, ranging from 0 (pain
free) to IV (high disability, severely limiting). Patients were
asked about the bothersomeness of their back pain during
the previous 2 weeks (14); bothersome back pain was defined as a rating of ‘‘very much’’ or ‘‘extremely’’ bothersome. Low back pain duration was measured by patients
recalling time since the last pain-free month, which is based

on the definition of a low back pain episode proposed by de
Vet et al.: ‘‘a period of pain in the lower back lasting for
more than 24 hours, preceded and followed by a period of at
least one month without low back pain’’ (15, p. 2413).
Disability was measured by using the modified 23-item
Roland-Morris Disability Questionnaire (RMDQ) (16, 17);
high disability was defined as a score greater than 14 (18).
Psychological status was assessed by using the Hospital
Anxiety and Depression Scale (19), and a probable case
was defined for each dimension (anxiety and depression)
as a score of 11 or more (20). Catastrophizing was classified
according to a single item modified from the catastrophizing
subscale of the Coping Strategies Questionnaire (21).
Statistical analysis

The monthly pain intensity scores were trichotomized
into no pain (a score of less than 1), mild-moderate pain,
and high pain (a score of 5 or more). This cutoff for high
pain is supported by Von Korff et al. (13), who found that
patients scoring less than the midpoint on a pain intensity
scale were unlikely to have significant levels of disability.
The pain trichotomy for months 1–6 (i.e., the first 6 months
after the baseline measurement but not including the baseline measurement) was then used to characterize groups
of subjects, using longitudinal latent class analysis, based
on the trajectory of their back pain over these first 6 months.
The baseline measurements were not included because of
the likelihood of regression to mean pain levels for most
patients in the weeks immediately following consultation.
The monthly pain levels were treated as ordinal, with the
levels equally spaced, in the latent class analysis.
The assumption behind latent class analysis is that there
exists a certain number of distinct pathways of back pain,
and subjects can be grouped into a small number of distinct
clusters known as latent classes based on their profile of
back pain over the 6 months, with each subject belonging
to one cluster. Latent class modeling aims to obtain the
smallest number of clusters that accounts for all the associations between the variables, in this case, between the
monthly pain levels (22). Thus, local independence exists
within clusters because the probability of a certain level of
pain for any month is independent of the level of pain for
any other month. The posterior probability of belonging to
each cluster can be obtained for each person, with subjects
allocated to the cluster for which this probability is the
largest. Cluster-specific probabilities of having each level
of pain for each month, given membership in that cluster,
allow profiles of the pathway of pain to be developed for
subjects in each cluster.
Latent class models are fitted successively, starting with
a one-cluster model (whereby it is assumed that all subjects
have the same pathway of back pain) and then adding another cluster for each successive model. The optimal number of clusters can be determined in a variety of ways (23),
and the methods used here are detailed in the Appendix.
Although subjects do not have to have complete data (i.e.,
data for all 6 months) to be included in a longitudinal latent
class analysis, when subjects whose data are missing are
included, goodness-of-fit tests to determine the optimal
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number of clusters should be treated with caution (24).
Therefore, the first analysis assessed the optimal solution
for just those subjects whose data were complete. The analysis was then rerun by including the subjects with at least
4 months of data, enabling us to make the most use of the
data but still restricting the analysis to those subjects with
enough data to allow a pathway of back pain to be reasonably inferred.
Subjects were allocated to clusters based on the posterior
probabilities of belonging to each cluster. These derived
clusters were subsequently compared at baseline and 12
months with respect to other variables measured by using
chi-squared tests.
Latent Gold 3.0.6 (24) and SPSS for Windows 12.0 (25)
software programs were used to perform the analyses.
RESULTS

Results from the longitudinal latent class analysis suggested that the optimal number of clusters was either four
or six (the derivation and justification for this decision are
provided in the Appendix). In light of the smaller size of
clusters in the six-cluster solution and the fact that the additional clusters could be considered subsets of two of the
four clusters, the subsequent analysis concentrates on the
four-cluster solution.
Characterization of clusters

The models including and excluding subjects whose data
were missing gave the same cluster structures, and the two
groups of subjects had similar levels of pain and disability at
baseline (refer to the Materials and Methods section).
Therefore, the additional analyses were performed by using
data for the 342 subjects with at least four monthly pain
intensity scores.
Table 1 shows the probability of having each level of pain
based on cluster. Cluster 1 was the most common (n ¼ 122,
36 percent) and was characterized by ‘‘persistent mild’’ pain.
For subjects in this cluster, the probability of mild-moderate
pain intensity levels was 79 percent or more for all 6 months,
and the majority of subjects had mild-moderate pain for
at least 4 of the 6 months. Thirty percent of subjects (n ¼
104) were classified into cluster 2 and were identified as
‘‘recovering.’’ They reported having no back pain soon after
baseline and, from month 3 on, continued to have at least a 74
percent probability of having no back pain. For at least 4 of
the 6 months, this group had no pain and were very unlikely
to have high pain levels. Cluster 3 (n ¼ 71, 21 percent)
represents a group who had continuous high pain levels
and could be classified as ‘‘severe chronic’’ back pain sufferers. They had at least a 93 percent probability of high pain
levels each month; they usually had at least 5 months with
such pain and never reported having no back pain. The final
group of patients (cluster 4; n ¼ 45, 13 percent) oscillated
between mild-moderate and high pain, and they represented
a ‘‘fluctuating’’ group. This group was very unlikely to report
having no back pain at any time during the 6-month period.
The six-cluster model suggested that the recovering group
could be split into those recovering in month 1 (n ¼ 55)

TABLE 1. Monthly probability of experiencing each level of
back pain based on cluster membership among primary care
low back pain consulters, United Kingdom, 2001–2003
Cluster 1:
persistent
mild

Cluster 2:
recovering

Cluster 3:
severe
chronic

Cluster 4:
ﬂuctuating

122 (36)

104 (30)

71 (21)

45 (13)

No pain

0.09

0.53

0.00

0.01

Mild-moderate
pain

0.81

0.46

0.04

0.54

High pain

0.11

0.01

0.96

0.45

No pain

0.06

0.67

0.00

0.01

Mild-moderate
pain

0.87

0.33

0.06

0.64

High pain

0.07

0.00

0.94

0.35

No pain

0.09

0.74

0.00

0.00

Mild-moderate
pain

0.89

0.26

0.03

0.30

High pain

0.02

0.00

0.97

0.70

No pain

0.08

0.79

0.00

0.00

Mild-moderate
pain

0.91

0.21

0.02

0.40

High pain

0.01

0.00

0.98

0.60

No pain

0.10

0.85

0.00

0.01

Mild-moderate
pain

0.83

0.15

0.07

0.60

High pain

0.07

0.00

0.93

0.39

No pain

0.13

0.79

0.00

0.01

Mild-moderate
pain

0.79

0.21

0.01

0.52

High pain

0.07

0.00

0.99

0.48

No. (%)
Month 1

Month 2

Month 3

Month 4

Month 5

Month 6

and those recovering after month 1 and that a small subgroup
(n ¼ 14) of the fluctuating group progressed from mildmoderate to high pain during the 6 months.
Course of pain and disability

Figure 1 highlights the distinctive pain pathways (measured by mean back pain intensity score) over the 6 months
used for classification (solid lines) and the subsequent pathways for months 7–12 (dashed lines). As shown, all four
clusters displayed a reduction in mean pain intensity from
baseline to month 1, with the recovering cluster improving
the most (mean difference, 1.7; 95 percent confidence interval: 1.2, 2.2) and the severe chronic cluster improving
the least (mean difference, 0.3; 95 percent confidence interval: –0.02, 0.7). Relatively stable mean pain levels followed this initial improvement throughout follow-up.
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FIGURE 1. Course of pain over 12 months among primary care low back pain consulters, United Kingdom, 2001–2003. Solid line, mean back
pain intensity score over the 6 months used for classiﬁcation; dotted line, mean back pain intensity score at baseline and for months 7–12.

The time course of disability for subjects in each cluster
was examined in a comparable way by using RMDQ
scores. The observed patterns were similar to those found
for pain intensity. Subjects in the persistent mild pain intensity group had low to moderate disability, with monthly
mean RMDQ scores of about 6 during follow-up. Subjects
classified as recovering in terms of their pain intensity also
had consistently low disability levels, with monthly mean
RMDQ scores of less than 2. The severe chronic group had
high disability levels, with mean RMDQ scores above 14
for all 12 months. The fluctuating group had moderate disability levels; their monthly mean RMDQ scores ranged
from 8 to 11.
Additional characteristics of cluster members

The clusters did not vary by age or gender. However, there
were significant differences between the groups regarding
all the other variables at baseline (table 2, all p < 0.001) and
at 12 months (table 3, all p < 0.001).
Cluster 1: Persistent mild. This group of patients with
relatively stable, low levels of pain improved substantially
in terms of the other variables, both physical and psychological, throughout the year. For example, the proportion of
subjects in this group experiencing high disability levels fell
from 24 percent at baseline to 13 percent 12 months later,
and the proportion categorized as Chronic Pain Grade IV
fell from 24 percent to 8 percent. The improvement in psychological status was particularly marked for depression,
with a reduction from 19 percent classified as probable depression cases at baseline to 9 percent a year later. However,
the proportion of subjects absent from work because of their
low back pain was similar at baseline (18 percent) and at 12
months (15 percent).
Cluster 2: Recovering. Patients in cluster 2 had mildmoderate pain improving to no pain, and their health status
at baseline was generally good and was maintained or improved at follow-up. Only 11 percent of these patients had
high levels of disability, and 15 percent were categorized

as Chronic Pain Grade IV sufferers at baseline; none had
high disability levels or experienced Chronic Pain Grade IV
1 year later. Duration of symptoms at consultation was less
than 6 months for the majority (58 percent) of this group.
Few patients (9 percent) were absent from work because
of their low back pain at baseline, and only one person
was off work a year later. The general psychological status
of this group was good at baseline and improved further
during the year.
Cluster 3: Severe chronic. These patients had consistently high levels of pain and disability. Three quarters
had high RMDQ scores at baseline, with only a slight reduction 1 year later. The majority (74 percent) had had back
pain for over 3 years. Work absence was high, with more
than half the group off work both at baseline and 12 months
later because of their low back pain. Their overall psychological status was also poor; 66 percent were anxious and 48
percent were depressed at baseline, with little change at
follow-up. At 12 months, almost half were still consulting
their general practitioner for their back pain.
Cluster 4: Fluctuating. For these patients whose pain intensity varied between mild-moderate and high, there was
a small improvement in disability from 29 percent with high
RMDQ scores at baseline to 20 percent at 12 months. However, their psychological status did not improve, with the
proportion classified as depressed remaining constant (27–
30 percent). Almost half had experienced pain for over
3 years, and a third were still consulting their general practitioner about back pain at the 12-month follow-up.
DISCUSSION

We classified back pain patients into distinct groups by
using statistical analysis of detailed data on the course of
their pain over time. To our knowledge, this is the first time
that this has been done. Latent class analysis was applied to
longitudinal data on low back pain patients, and four distinct
pathways in the course of pain intensity were identified.

Characterizing the Course of Low Back Pain 5

TABLE 2. Baseline characteristics of primary care low back pain consulters, stratiﬁed by cluster, United
Kingdom, 2001–2002
Cluster 1:
persistent
mild
No.

No.

Cluster 3:
severe
chronic

Cluster 2:
recovering

%

122

No.

%

104

No.

Cluster 4:
ﬂuctuating

%

71

No.

p value

%

45

Age (years)
30–44

45

37

38

37

29

41

16

36

45–59

77

63

66

63

42

59

29

64

47

39

43

41

32

45

20

44

Male gender

0.93
0.81

Female gender

75

61

61

59

39

55

25

56

High pain level

43

35

19

18

67

94

30

67

<0.001

High RMDQ* score

29

24

11

11

52

73

13

29

<0.001

Chronic Pain Grade IV

29

24

15

15

45

66

15

35

<0.001

Leg pain

77

64

60

58

63

89

29

64

<0.001

‘‘Bothersome’’ pain

54

45

41

40

62

87

28

62

<0.001

Anxious

34

28

19

18

47

66

17

41

<0.001

Depressed

23

19

13

13

34

48

12

27

<0.001

Catastrophizingy

28

23

7

7

51

72

14

31

<0.001

Not working because of
low back pain

21

18

9

9

39

57

11

26

<0.001
<0.001

Duration of pain
<6 months

27

22

60

58

9

13

11

25

7–35 months

42

34

22

21

9

13

12

27

3 years

53

43

21

20

51

74

21

48

* RMDQ, Roland-Morris Disability Questionnaire (16, 17).
y Classiﬁed according to a single item modiﬁed from the catastrophizing subscale of the Coping Strategies
Questionnaire (21).

TABLE 3. Twelve-month characteristics of primary care low back pain consulters, stratiﬁed by cluster,
United Kingdom, 2002–2003
Cluster 1:
persistent
mild
No.

No.
No pain

Cluster 3:
severe
chronic

Cluster 2:
recovering

%

112

No.

%

100

No.

Cluster 4:
ﬂuctuating

%

63

No.

p value

%

43

15

14

60

67

0

0

2

5

<0.001

7

7

1

1

51

88

17

43

<0.001

14

13

0

0

39

67

8

20

<0.001

8

8

0

0

36

62

10

28

<0.001

Leg pain

57

55

20

22

46

79

22

55

<0.001

‘‘Bothersome’’ pain

13

12

2

2

41

65

15

35

<0.001

Anxious

High pain level
High RMDQ* score
Chronic Pain Grade IV

21

21

10

12

32

58

14

36

<0.001

Depressed

9

9

4

5

23

40

11

30

<0.001

Catastrophizingy

9

9

1

1

34

59

7

18

<0.001

Not working because of
low back pain

15

15

1

1

30

54

7

18

<0.001

Consulted a general
practitioner

18

16

6

6

31

49

14

33

<0.001

* RMDQ, Roland-Morris Disability Questionnaire (16, 17).
y Classiﬁed according to a single item modiﬁed from the catastrophizing subscale of the Coping Strategies
Questionnaire (21).
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Further examination of these groups established that they
also differed regarding other important variables such as
disability, psychological status, and work absence. Change
in status throughout the study year regarding these other
variables was also linked to cluster membership. Classification of back pain in primary care has been highlighted as
important for the management of these patients; our findings
may therefore have valuable implications for intervention
and research into back pain in primary care settings.
We know of no study that has attempted to characterize the
course of low back pain by using repeated measurements on
a large sample of patients. Previous longitudinal studies have
collected data at two or three time points (7–10), which were
used mainly to provide information on individual prognostic
indicators at each of those time points. Our results are in line
with these findings, in that we confirmed that the group with
the highest pain, disability, and psychological distress levels
at baseline also had the poorest chance of recovery. However,
we also added detail to this finding, and, rather than simply
dichotomizing the sample as recovered or not, we confirmed
that there were four clusters with distinctive pain pathways
and characteristics that could be identified during a 6-month
period, and whose distinguishing attributes were maintained
throughout the subsequent 6 months.
Long-term mild back pain has previously been reported to
have little impact on disability or psychological status (26).
This finding seemed to be confirmed by the persistent mild
group, although our data showed that a significant minority
of this group were absent from work. Elliott et al. (27) used
the Chronic Pain Grade to assess changes among people
with chronic pain in the community and showed that people
tended to retain the same Chronic Pain Grade over time. We
found that most people in the severe chronic cluster (69
percent) did not change grade. However, in the two most
common groups (persistent mild and recovering), most (61
percent and 66 percent, respectively) changed their Chronic
Pain Grade during the study year. This finding reinforces the
hypothesis that looking in more detail at subgroups can help
uncover patterns of change over time that are not apparent in
undifferentiated groups of people. It has implications for
clinical trials, because researchers may want to induce
changes in patients not likely to improve without an effective treatment (e.g., the severe chronic group) or to exclude
patients likely to improve with usual care alone (e.g., the
recovering group).
A number of previous longitudinal studies of low back
pain have concentrated on patients with acute back pain (8,
28–31). Such studies have shown high rates of recovery and
have led to the belief that the majority of primary care low
back pain patients recover. These patients are likely to be
most similar to the ‘‘recovering’’ group in this study, who
represented about a third of the total sample. There has been
less research on patients with more chronic symptoms who
constitute the majority of patients seen in primary care. Our
study provided information about the likely course of symptoms among these more chronic patients and may be a useful comparison for studies in which patients have received
specific interventions.
Figure 1 shows the average patterns over time among
people categorized into each cluster, but such summaries

can mask individual variability in back pain trajectories
(1). When the individual courses of pain were plotted, only
small fluctuations around the mean levels were apparent.
Furthermore, no one in the persistent mild or recovering
groups developed high levels of pain during the 7–12-month
period, even though their group status was based on their
time course of pain during the first 6 months. This finding
appears to conflict with those of Von Korff (1), who suggested that the course of back pain occurs in phases, with
people experiencing transient, chronic, or recurrent pain at
different times. Longer-term follow-up of these patients is
necessary to determine whether their group status is maintained over a period longer than 1 year. It may transpire in
the longer term that our identified groups do not represent
completely separate groups of patients but are phases that
many patients go through.
Another interesting finding was the similarity between
trajectories of pain and disability. This finding appears to
contrast with other research, which has shown little correlation between pain and disability (5). When we examined
this issue further, we found moderately strong correlations
between pain and disability at baseline (Pearson’s r ¼ 0.71)
and 12 months (r ¼ 0.83) for the whole group, and correlations within the latent classes were moderate (r ¼ 0.44–0.64
at baseline and r ¼ 0.54–0.74 at 12 months). This finding
indicates that, although agreement between the two constructs was not perfect, pain and disability appear to follow
similar patterns.
The power of longitudinal latent class analysis to characterize longitudinal patterns has been shown with nighttime
continence in children aged 4–15 years (32). The model
derived from longitudinal latent class analysis gave a slightly
better fit to the data, and was more stable, than that derived
from latent class growth analysis. This type of analysis has
been used, for example, to characterize patterns over time of
alcohol consumption in adults (33) and is an alternative
method of assessing pathways of pain because it may be
more parsimonious (34). However, the relative stability of
the pain in primary care consulters suggests that using latent
class growth analysis to impose different trend structures on
the clusters would not lead to a greatly different cluster
solution. Pain profiles of individual subjects in each cluster
derived from longitudinal latent class analysis matched that
of the cluster as a whole, and the clusters themselves revealed distinct pathways of pain and related health status.
Subjects were allocated to the cluster for which they had
the highest probability of membership. The lowest probability of belonging to the cluster to which the subject was
allocated was 50 percent, and only 26 subjects had a probability of less than 70 percent. However, for 80 percent of
subjects, the probability of belonging to their cluster was 90
percent or higher. There is no one preferred method of deciding on an optimal number of clusters, and these four
pathways may not reflect the precise number of pathways
of low back pain among primary care consulters. The sixcluster model suggests that the recovering and fluctuating
groups could be further divided. Because the extra groups
were small and not dissimilar to the existing groups, there
was little benefit to be gained from assessing a six-cluster
solution. Our findings suggest that the majority of subjects
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were clearly allocated to their cluster and closely followed
the pathway of low back pain described by the cluster to
which they belonged.
There may be some bias in baseline response to this study
(the response rate was slightly higher among women and
older people), but the pain and disability levels of the 342
subjects in the analysis were similar to those of the 593 persons who responded to the baseline questionnaire but had
incomplete follow-up and were not included in this analysis.
Loss to follow-up at 12 months was also minimal (7 percent)
among the 342 subjects, and there was no evidence of bias in
response to follow-up. Biases in response and consent could
affect the proportions of persons in each cluster but are unlikely to impact the characteristics of the clusters. The majority of patients in this sample had experienced back pain for
more than 6 months. However, patients lost from the sample
during the study may have had less severe symptoms (e.g.,
those who had recovered before receiving the questionnaire
may have been less likely to respond). Other studies suggest
that the low back pain of most patients in primary care can be
classified as chronic (13, 35). In light of our findings, the use
of an ‘‘umbrella term’’ of chronic does not seem appropriate,
and our classification into four pathways of persistent mild,
recovering, fluctuating, and severe chronic does provide
a more detailed alternative. Although we defined specific
subgroups and described their different pain pathways and
distinctive characteristics, we did not specifically investigate
predictors of group membership. Further work would be
needed to elucidate the characteristics of patients and the
timing of measurement that would enable accurate prediction of patients’ likely pain pathways.
We identified four distinct groups of patients with different
pathways in the course of back pain intensity and significant
differences regarding a range of other important variables.
This knowledge improves our understanding of the course
of low back pain. Classification of primary care patients into
these groups may help in the management of nonspecific low
back pain and contribute to future trials of treatment.
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APPENDIX
Technical Information

No definitive method of determining the optimal number
of clusters in a latent class analysis exists. One of the most
common is to examine the model fit likelihood ratio chisquared statistic, L2: the amount of the relation between the
monthly levels of pain that remains to be explained. The
larger the value of L2, the worse the model fit, and a p value
can be calculated to assess the goodness of fit. When data
might be sparse—for example, when there are a large number
of variables or categories compared with the number of
observations—the chi-squared distribution should not be used
to determine the p value, and bootstrap p values are recom-

mended instead (36). The optimal number of clusters is where
the p value becomes nonsignificant at the desired significance
level. Other methods that are particularly useful when data
are sparse include information criterion statistics that take
into account the parsimony of the model, such as Akaike’s
Information Criterion, Bayes’ Information Criterion, and the
Consistent Akaike’s Information Criterion (23). The optimal
number of clusters occurs when the information criterion
value is at its lowest. A more subjective method is to assess
the percentage reduction in L2 from the model with one cluster and select the number of clusters from the model beyond
which this reduction is considered minor (23).
Latent Gold uses both the estimation-maximization and
Newton-Raphson algorithms to estimate model parameters
(24). A problem that sometimes occurs in latent class analysis is that a local maximum, rather than the global best
solution, is obtained. To avoid this situation, 1,000 repeated
runs were performed from random start values. Bootstrap
p values based on 500 replications were determined to assess the model fit based on the L2 statistic.
The goodness-of-fit statistics for the one-cluster to eightcluster models are shown in appendix table 1. These statistics are based on the 188 subjects whose data were complete.
Based on bootstrap p values for the model fit L2 statistics,
the six-cluster model was the optimal assuming a 5 percent
significance level. However, the percentage reduction in
L2 from the one-cluster model (H0) suggests that little benefit
is gained by expanding beyond a four-cluster model. There
was an 83 percent reduction in L2 from the one-cluster model
to the four-cluster model. The six-cluster model reduced
L2 by only a further 4 percent. The information criterion
values suggested a seven-cluster solution based on Akaike’s
Information Criterion, a four-cluster model based on Bayes’
Information Criterion, and a three-cluster model based on
the Consistent Akaike’s Information Criterion.
Goodness-of-fit statistics in which data for all 342 subjects were used suggested a four-cluster solution (based on
Bayes’ Information Criterion, Consistent Akaike’s Information Criterion, and percentage reduction in L2) or a sixcluster solution (bootstrap p value, Akaike’s Information
Criterion). On the basis of these results and the characteristics and size of the clusters, the four-cluster solution was
selected as optimal.

APPENDIX TABLE 1. Goodness-of-ﬁt statistics for cluster models of primary care low back pain consulters (n ¼ 188), United
Kingdom, 2001–2003
Model

L2 statistic

One-cluster (H0)

df

Bootstrap
p value

% reduction in
L2 from H0

AIC*LL*

BIC*LL

CAIC*LL

1,044.957

716

<0.0001

2,384

2,423

2,435

Two-cluster

471.427

709

<0.0001

55

1,825

1,886

1,905

Three-cluster

219.930

702

<0.0001

79

1,587

1,671

1,697

Four-cluster

181.041

695

0.005

83

1,562

1,669

1,702

Five-cluster

153.901

688

0.023

85

1,549

1,679

1,719

Six-cluster

132.268

681

0.073

87

1,542

1,694

1,741

Seven-cluster

116.532

674

0.17

89

1,540

1,715

1,769

Eight-cluster

105.368

667

0.18

90

1,543

1,740

1,801

* AIC, Akaike’s Information Criterion; LL, log-likelihood; BIC, Bayes’ Information Criterion; CAIC, Consistent Akaike’s Information Criterion.

