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Abstract
Background: Little research has assessed the efficacy of interdisciplinary pain management programs (IPMPs) for complex regional pain syn
drome (CRPS), whereas evidence shows that IPMPs are effective for low back pain (LBP) and chronic widespread pain (CWP). This study aimed 
to determine whether outcomes following an IPMP differ for people with CRPS compared to LBP and CWP. In addition, we determined 
whether it is possible to predict IPMP outcomes using baseline characteristics.
Methods: People with CRPS (N¼66) who had completed a 3-week IPMP were compared with age- and gender- matched controls with LBP (N¼ 66) 
and CWP (N¼66). Measures of pain intensity, pain interference and psychological factors were extracted for pre- and post-program, and at 1, 6, and 
12 months. Latent class analysis identified recovery trajectories for pain intensity and pain interference, and χ2 analyses assessed differences between 
diagnostic groups in recovery trajectories. Machine learning models were implemented to predict recovery trajectories from baseline scores.
Results: Two recovery trajectories for each dependent variable (pain interference and for pain intensity) were identified: Good responders and 
poorer responders. Following IPMPs, 37% of people belonged to a good responder recovery trajectory for pain interference, and 11% belonged 
to a good responder recovery trajectory for pain intensity. Recovery trajectories were similar across the three diagnostic groups (CRPS, LBP, 
CWP) for pain interference (χ2¼ 1.8, P¼ .4) and intensity (χ¼ 0.2, P¼ .9). Modeling to predict outcomes correctly classified 69% of cases for 
pain interference and 88% of cases for pain intensity recovery trajectories using baseline scores.
Conclusion: People with CRPS, LBP, and CWP experience similar benefits following an IPMP. This supports the use of IPMPs for people with CRPS.
Keywords: complex regional pain syndrome, interdisciplinary pain management program; cognitive behavioral therapy; rehabilitation; low back pain; fibro
myalgia; chronic widespread pain. 

Introduction
Complex regional pain syndrome (CRPS) is a debilitating 
condition which can occur in a person’s limb following injury 
or surgery, or spontaneously.1 It is characterised by signifi
cant pain, sensory changes, temperature disturbance, disco
louration, swelling, abnormal sweating, and trophic changes 
to nails, hair and skin.2 The pathophysiology of CRPS is 
complex and includes inflammatory mechanisms, autonomic 
dysregulation and nociplastic changes to the central nervous 
system. Full recovery from CRPS is relatively rare and it fre
quently leads to long-term disability.3 CRPS often causes sig
nificant psychological distress, and people with CRPS 
generally require support to manage pain, functional limita
tions and the broader effects of the condition.4

Because CRPS is relatively uncommon, large clinical trials 
are challenging to conduct and there is a paucity of research 
documenting treatment efficacy.4 Although there have been 

some randomized controlled trials (RCTs) of medical and 
physiotherapy interventions for CRPS, these are relatively 
few and treatment guidelines focus on functional restoration 
and physical rehabilitation, in addition to education, psycho
logical intervention and pain relief.4,5

Interdisciplinary pain management programs (IPMPs) are 
typically 3–4 week fulltime programs (30–40 hours per week) 
provided to people with chronic pain. They deliver cognitive 
and behavioural interventions including pain education, goal 
setting and activity planning, graded exercise, cognitive 
restructuring, relaxation training, and medication manage
ment, in an environment designed to reinforce “well” behav
ior (ie, operant therapy). The efficacy of IPMPs is well 
established for mixed chronic pain samples, low back pain 
(LBP), neck pain and chronic widespread pain (CWP).6–8

Treatment guidelines for CRPS include a recommendation 
for interdisciplinary pain management,5 and 80% of 
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clinicians report using IPMPs for patients with persistent 
CRPS9; however, there are no published RCTs evaluating the 
efficacy of cognitive behavioural therapies or IPMPs in this 
population.4,5 Several observational studies have reported 
improvements in physical function, disability and emotional 
distress following an IPMP for a CRPS population, with 
mixed findings on outcomes for pain intensity.10–14

However, no studies of IPMP outcomes for CRPS have 
included a comparison group to test whether people with 
CRPS have a comparable treatment response as those with 
more widely studied conditions, where there is evidence for 
IPMP efficacy (LBP, CWP).

An additional challenge for IPMPs is the variability in out
comes experienced across individuals. Many studies have 
sought to identify predictors of outcome to improve or target 
treatment more effectively.6 However, these studies often 
report associations between individual variables and out
comes rather than building models to assess their combined 
ability to predict IPMP success. In the last decade, a growing 
amount of medical research has applied machine learning 
approaches to improve prediction accuracy, showing promis
ing results in the field of diagnostics and personalised treat
ment.15,16 However, few studies have applied these 
techniques to predict recovery from persistent pain.

The first aim of the study was to compare recovery trajecto
ries following an IPMP between people with CRPS and people 
with other persistent pain conditions where there is good evi
dence for IPMP efficacy (LBP, CWP). Given that IPMPs do not 
target particular chronic pain conditions or subtypes, and the 
observational evidence demonstrating improvements for 
CRPS,13,14 we hypothesised that people with CRPS were as 
likely to present with favourable recovery trajectories for pain 
interference and pain intensity when compared to people with 
LBP and CWP. A secondary aim of the paper was to determine 

whether it is possible to predict the recovery trajectory of peo
ple with persistent pain based on baseline characteristics.

Methods
Participants
For this retrospective study, we identified patients who: (a) 
had completed an IPMP at The Auckland Regional Pain 
Service (Interdisciplinary Pain Center in Auckland, New 
Zealand) between 2014 and 2022, (b) had pre- and post- 
IPMP data available, and (c) met the diagnosis of CRPS, LBP, 
or CWP as described below.

In order to be included in the study, patients had to have a 
diagnosis of CRPS (type I or II using the Budapest clinical cri
teria17), LBP or CWP (or fibromyalgia)18 made by a pain 
medicine specialist (or pain fellow under the supervision of a 
pain medicine specialist) during a comprehensive 60–90- 
minute assessment. In addition, clinical records describing 
symptom reports and patient pain drawings were checked by 
members of the research team to confirm the diagnoses. To 
be included in the LBP category, the diagnosis needed to indi
cate LBP and patients’ clinical records needed to show a pri
mary complaint of LBP, but patients were still included if 
pain additionally affected the leg and/or upper back/neck. We 
first identified all patients with CRPS meeting the inclusion 
criteria (N¼66) and then identified age- and gender- 
matched patients with LBP (N¼66) and CWP (N¼ 66). 
Thus, the sample size was determined by the number of eligi
ble CRPS patients who had completed the program. To 
reduce bias, for each CRPS patient, the first matched LBP 
and CWP patients identified in clinical records were selected 
(patient with same gender and within 5 years of target age). A 
flow chart depicting the identification of patient records for 
inclusion and reasons for exclusion is displayed in Figure 1.

Figure 1. Flow chart of data collection for IPMP for CRPS, LBP, and CWP.
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The study was approved by the Auckland University of 
Technology Ethics Committee and the Auckland District 
Health Board Research Review Committee prior to com
mencement. Individual informed consent was not obtained as 
the study comprised a retrospective chart review. The Strobe 
Checklist19 was used to aid quality reporting of this study.

Interdisciplinary pain management program
The treatment comprised a 3-week IPMP (35 hours/week; 
105 hours total) and was provided in a group format with up to 
10 patients at a time. The program was established in the 1980s 
and is staffed by physiotherapists, psychologists, pain medicine 
specialists, an occupational therapist, and a clinical nurse spe
cialist. Therapy includes a graded daily exercise program, indi
vidualized exposure to feared activities, goal setting and activity 
planning, daily relaxation training, pain education, psychologi
cal pain management strategies (eg, cognitive therapy, stress 
management, assertiveness training, sleep management), and 
medication management (generally individualized pain medica
tion reduction). The pain management program incorporates 
approximately 2 activity sessions per day. One of these involves 
an exercise circuit where all participants conduct similar whole 
body exercises, to improve global movement, fitness and 
strength. Exercises are modified to suit the individual's abilities, 
following operant conditioning using a graded activation 
approach.20 The second activity session is designed specifically 
towards the individual's needs, with a strong emphasis on 
increasing confidence, function and working towards goals. It 
may include graded exposure therapy, desensitisation training, 
or neuromodulatory techniques. The team are interdisciplinary 
and meet regularly to co-ordinate care. The program is provided 
in an outpatient setting where patients attend daily, and those 
who do not live locally are provided with motel accommodation 
offsite. During the COVID-19 pandemic of 2020, the program 
was switched to an online format with all contact conducted via 
video conference in participants’ own homes. Subsequently, 
programs have returned to face-to-face format.

Dependent variables
The dependent variables were the 2 subcomponents of the 
Brief Pain Inventory (BPI),21 which is routinely administered 
at the start and end of the program as well as at 1, 6, and 
12 month follow-up visits. The BPI Pain Intensity component 
is assessed using four questions in which respondents rate 
their worst, least, average and present pain intensity on 11- 
point Likert scales. The item on present pain intensity was 
not included in this study as it had not been included in rou
tine clinic questionnaires prior to 2019, so BPI Pain Intensity 
scores were calculated using the average of the other 3 pain 
intensity scores. The BPI Pain Interference component is 
assessed using seven questions regarding the degree to which 
pain interferes with seven domains of functioning (general 
activity, mood, walking ability, normal work, relations with 
other persons, sleep, and enjoyment of life). BPI Pain 
Interference scores were calculated using an average of these 
seven questions. The BPI has good psychometric properties.22

Higher scores indicate higher pain intensity and interference.

Predictor variables
The predictor variables also consisted of questionnaires that 
are routinely administered prior to and following the pro
gram. The Depression Anxiety Stress Scale (DASS-21)23 com
prises 3 subscales, one each to measure symptoms of 

depression, anxiety, and stress. Respondents indicate the 
degree to which statements such as “I felt that I had nothing 
to look forward to” and “I found it hard to wind-down” 
apply to them (0 ¼ “did not apply to me at all,” 3 ¼ “applied 
to me very much of the time”). The maximum score for each 
negative emotional state is 21, with higher scores indicating 
greater disturbance. The scale shows excellent reliability 
though studies suggest that the scale may be interpreted as a 
general measure of distress using total scores24 in addition to 
the 3 subscales originally presented.25

The Pain Catastrophizing Scale (PCS)26 is a 13-item meas
ure of the degree to which a person thinks about pain in a 
manner characterized by rumination, magnification, and 
helplessness. The sum of the 13 items is calculated giving a 
total score out of 52, with higher scores indicating higher 
pain catastrophizing. The PCS has excellent psychometric 
properties.27

The Pain Self-Efficacy Questionnaire (PSEQ) is a 10-item 
scale measuring the degree to which an individual perceives 
themselves as being able to engage in daily activities despite 
the presence of pain. The maximum score is 60, with higher 
scores indexing greater confidence. The PSEQ has shown 
excellent reliability and validity.28

In addition to the above questionnaires, demographic and 
clinical information including age, gender (as identified in 
hospital records as woman/man/nonbinary), ethnicity (coded 
using the Stats NZ guidelines), and pain duration (years) 
were also extracted from clinical records.

Data analysis
Data analyses were performed in R 4.22 (Rstudio v 
2023.06.02) and Python 3.9 (Spyder v 5.4.3). Due to limita
tions of using minimal clinical difference scores to determine 
those with and without meaningful outcomes from treat
ment,29 latent class analysis (LCA) was used to separate par
ticipants into 2 groups based on their outcome measure 
scores over time.29 To identify recovery trajectories across 
time points (baseline, end of program, 1 month, 6 months, 
12 months), the data were fitted with a LCA linear mixed 
model (also known as growth mixture model).30 A model 
with random slopes forcing 2 classes was applied to both the 
BPI pain interference and intensity outcome measures, with
out the inclusion of baseline predictors. The output of the 
model consisted of two datasets (one for BPI Pain 
Interference and one for Pain Intensity) with the assigned 
recovery trajectory for each participant. The two recovery 
trajectories were named “good responders” and “poorer 
responders.” Data points for which the LCA was unable to 
indicate a trajectory due to missing data were removed from 
the datasets. To determine if people with CRPS had a similar 
response to the program, a χ2 test was performed to deter
mine whether a difference existed in the proportion of partici
pants belonging to the good and poorer responder 
trajectories based on diagnostic class (CRPS, LBP, CWP). 
Although there were missing data, this analysis allowed all 
individuals to be included in the analyses.

For the secondary aim of the study, several steps were 
taken to predict the recovery trajectory of participants from 
baseline characteristics. Data were cleaned, and the following 
variables were retained within each dataset: Diagnosis, age, 
gender, ethnicity, duration of pain in years, BPI pain interfer
ence, BPI pain intensity, DASS depression, DASS anxiety, 
DASS stress, PSEQ, and PCS total score. These variables 
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were selected based on previous studies showing the useful
ness of these predictors.31–34 Missing data were imputed 
through the k-Nearest Neighbours approach utilising the 
NKKimputer package from the scikit-learn library. Following 
this, to provide a more balanced dataset size for each recov
ery trajectory, the Synthetic Minority Over-sampling 
Technique (SMOTE) was used.35 To select the most impor
tant variables to use in the multivariable models, a signal to 
noise ratio (SNR) approach was taken. The top 10 variables 
out of 12 were retained. The SNR was calculated for each 
variable across all the diagnostic labels (SNRvar ¼ abs (mean 
var of one good recovery trajectory—mean var of the lower 
recovery trajectory)/(SD of var of one good recovery trajec
tory þ SD of var of lower recovery trajectory)). Following 
this process, all the predictors were scaled by subtracting 
individual values from the mean and dividing this value by 
the standard deviation.

A leave one out strategy (for the original data only) was 
then used to separate the test subject prior to training the 
multivariable model. A personalised approach to training the 
model was taken by selecting a training subset (n¼ 50) from 
the whole training dataset. In particular, the personalised 
approach selects the cluster of training data with predictor 
values closest to the test subject via assessment of Euclidean 
distances in the multivariable space.36 Once the cluster of 
training data was identified, a support vector machine (SVM) 
multivariable model was trained and tested on the data point 
that was initially removed. The overall accuracy of the mod
els was calculated by counting the number of test data that 
were correctly classified after training the model.

Results
A total of 198 participants with persistent pain were included 
in the present study. Follow-up data were available for the 
following proportions of the sample: End of program: 100%, 

1 month: 84%, 6 months: 65%, 12 months: 47%, but all 
individuals were included in the analyses. The demographic 
characteristics of participants are reported in Table 1. There 
were several differences in baseline characteristics between 
the three diagnostic groups. Those with CWP had a longer 
pain duration (F(2, 168) ¼ 16.3, P< .001) than both other 
groups and higher mean anxiety scores (F(2, 171) ¼ 4.3, 
P¼ .016) than those with LBP. Those with CRPS had a 
higher mean BPI Pain Intensity than those with LBP (F(2, 
171) ¼ 4.1, P¼ .018). Those with LBP had a lower mean 
DASS stress scores than both other groups (F(2, 162)¼6.4, 
P¼ .002).

Recovery trajectories
For pain interference, class 1 (poorer responder) presented 
with 114 (63%) participants who had a slight initial reduc
tion in interference followed by a return to baseline scores. 
Class 2 (good responder) was made up of 66 (37%) partici
pants and showed a sustained decline in interference from 
baseline scores to the last timepoint (see Figure 2). Pain inten
sity scores were consistent across all time points for class 1 
(poorer responder; n¼ 161, 89%), while class 2 presented a 
decline in pain over time (good responder; n¼19, 11%) (see  
Figure 3). More detailed mean scores for each group at each 
time point are also provided in Table S1.

Recovery trajectories across diagnostic class
The number of participants in each recovery trajectory based 
on diagnostic class is reported in Table 2. There were no dif
ferences between the three diagnostic groups in terms of 
recovery trajectories for BPI Pain Interference (χ2¼ 1.8, 
P¼ .4) or BPI Pain Intensity (χ2¼ 0.2, P¼ .9).

Prediction modeling for recovery
The baseline predictors for both pain interference and inten
sity trajectories were identified through SNR values and are 

Table 1. Demographic characteristics and baseline clinical scores of the entire sample. All the numbers are percentages or means and standard 
deviation.

Variable
Entire sample CRPS     LBP      CWP      

(N¼198) (N¼ 66)  (N¼ 66)  (N¼ 66)   

Age 47.2 (12.2) 47.6 (12.0) 47.1 (11.7) 46.9 (13.2)
Gender:

% Woman 141 (71.2%) 47 (71.2%) 47 (71.2%) 47 (71.2%)
% Man 57 (28.8%) 19 (28.8%) 19 (28.8%) 19 (28.8%)
% Nonbinary 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Ethnicity:
European 170 (85.9%) 58 (87.9%) 57 (86.4%) 55 (83.3%)
M�aori 15 (7.6%) 7 (10.6%) 5 (7.6%) 3 (4.5%)
Pacific Islander 5 (2.5%) 1 (1.5%) 1 (1.5%) 3 (4.5%)
Asian 5 (2.5%) 0 (0%) 1 (1.5%) 4 (6.1%)
Other 3 (1.5%) 0 (0%) 2 (3.0%) 1 (1.5%)

Pain duration (yrs) 9.3 (13.3) 4.4 (4.2) 4.6 (7.5) 13.4 (12.7)a

BPI Pain Intensity 5.9 (1.5) 6.4 (1.6)b 5.7 (1.3) 5.8 (1.5)
BPI Pain Interference 6.4 (1.7) 6.5 (1.6) 6.2 (1.8) 6.4 (1.5)
DASS Depression 8.2 (5.3) 8.5 (5.6) 7.3 (5.6) 8.8 (4.5)
DASS Anxiety 7 (5.3) 7.4 (4.6) 5.5 (4.8) 8.2 (6.1)c

DASS Stress 10.8 (5.1) 11.7 (4.6) 8.7 (5.3)a 11.7 (4.9)
PSEQ Self-Efficacy 25.5 (10.8) 24.3 (11.6) 25.3 (11.4) 26.7 (9.4)
PCS Catastrophizing 21.9 (11.8) 21.1 (11.9) 19.3 (11.4) 25.4 (11.4)

Abbreviations: CRPS, complex regional pain syndrome; LBP, low back pain; CWP, chronic widespread pain; BPI, Brief Pain Inventory; DASS, Depression, 
Anxiety, and Stress Scale; PSEQ, Pain Self Efficacy Questionnaire; PCS, Pain Catastrophising Scale.

a significantly different to both other groups (P< .05).
b CRPS group significantly different to LBP group.
c CWP group significantly different to LBP group.
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reported in Figure 4. Two separate support vector machine 
models provided an overall correct classification in 69% of 
the cases for pain interference and 88% of the cases for pain 
intensity recovery trajectories. Further details about the clas
sification accuracy of the models are reported in Table 3. For 
BPI Pain Interference, the baseline predictor variables for a 
good outcome, and with a signal to noise (SNR) ratio greater 
than 0.15 were: Lower DASS stress, DASS anxiety, BPI Pain 
Interference, DASS depression, BPI Pain Intensity, and PCS 
catastrophizing. For BPI Pain Intensity, the baseline predic
tors of a good outcome and with a signal to noise (SNR) ratio 

greater than 0.15 were: Lower BPI pain intensity, gender 
(women were more likely to have positive trajectory), longer 
pain duration, higher PCS pain catastrophizing, lower DASS 
anxiety, and older age.

Discussion
This is the first study comparing the recovery trajectories of 
people with CRPS to other persistent pain conditions follow
ing completion of an IPMP. The results showed that, in keep
ing with the initial hypothesis, people with CRPS were 

Figure 2. Latent class analysis for the BPI Pain Interference outcome. Shaded areas are 95% confidence intervals.

Figure 3. Latent class analysis for the BPI Pain Intensity outcome.
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equally likely to improve in pain intensity and interference 
when compared to people with persistent LBP pain or CWP. 
In addition, a machine learning model was developed to pre
dict recovery trajectories in people with persistent pain 
attending an IPMP, which showed reasonable prediction 
accuracy, particularly for pain intensity.

These findings support the use of IPMPs for people with 
CRPS. It is widely acknowledged that conducting RCTs with 
the CRPS population is challenging because it is a rare dis
ease.37 However, because RCTs have demonstrated the effi
cacy of IPMPs for LBP and CWP,7,8 the finding that 
outcomes are similar for CRPS supports the evidence base for 
interdisciplinary management of CRPS. This is important, 
because it provides support for clinical guidelines4,5 and 
healthcare providers9 who already recommend or provide 
IPMPs for CRPS. According to the ICD-11, CRPS is now 
considered a primary pain condition, like CWP and nonspe
cific LBP, so it is not surprising that similar management 
approaches produce equivalent effects for these conditions. 
However, it is noteworthy that despite limited evidence, there 
is still a strong emphasis in the literature on providing medi
cal interventions for CRPS,38–40 and greater evidence for 
interdisciplinary pain management may support a more 
nuanced approach to supporting people with CRPS. The 
finding that IPMPs are equally beneficial for people with 
CRPS as they for other pain conditions should increase the 
likelihood of clinicians referring patients to these services. 
This has the potential of improving patients’ quality of life.

It is important to note that the treatment benefits for all 
three patient groups in the study were modest, with only 
37% of people having a positive recovery trajectory for pain 
interference over the 12-month follow-up period. However, 
this is consistent with previous research which shows around 
one third of patients experience a clinically significant 
improvement following multidisciplinary pain manage
ment.41 Furthermore, the effect sizes from the present study 
for changes over time were consistent with those of previous 
studies reporting on inpatient IPMPs.6 The present data show 
that a sustained reduction in pain intensity was even less 
common than reduction in pain interference following inter
disciplinary pain management. This suggests that IPMPs are 
unlikely to result in pain reduction, so should not be recom
mended to patients on this basis. This reflects the difficulty of 
treating those with longstanding chronic pain, and particu
larly of achieving long-term benefits. Whilst specific studies 
may demonstrate better outcomes than others, it is possible 
this is due to the specifics of the population, program, meas
ures used and length of follow-up. The present study utilised 
data from a tertiary referral service where patients are typi
cally only referred after poor outcomes in primary or 

secondary care, so treatment outcomes can be expected to be 
somewhat limited.

This limited efficacy of IPMPs for chronic pain suggests 
that further developments in treatment methods should be 
prioritised. One approach to optimisation is to identify modi
fiable predictors of treatment response, and enhance inter
ventions targeting such factors, thereby strengthening the 
chance of treatment success. Several important modifiable 
predictors of recovery trajectory were identified in the present 
study, including stress, anxiety, depression, pain interference 
and pain catastrophizing. This is consistent with previous lit
erature showing that higher levels of baseline distress are 
associated with poorer outcomes for cognitive behavioural 
interventions for chronic pain,42 for outcomes of multidisci
plinary treatment for chronic widespread pain,31 and for dis
ability outcomes from conservative treatment for low back 
pain.43 It was notable that fewer psychological variables 
were associated with pain intensity trajectory, suggesting that 
different variables, or perhaps different combinations of vari
ables, are important for different clinical outcomes. Notably 
the direction of effect for pain catastrophising differed 
between the two dependent variables, as lower catastrophiz
ing was associated with better outcomes for pain interference, 
but higher catastrophizing was associated with better out
comes for pain intensity. This may reflect the machine learn
ing approach used, which clusters individuals based on a 
range of predictor variables rather than considering each pre
dictor separately. Thus, it is the combination of predictors 
that is important to consider, and the apparently contradic
tory effect is likely due to how catastrophizing interacts with 
the other predictor variables. The machine learning analysis 
also suggested better pain intensity outcomes may be associ
ated with older age, and may occur for women compared to 
men. The machine learning models used here are exploratory 
rather than conclusive but the positive effect of older age has 
also been demonstrated via meta-analysis,6 though there is 
mixed evidence on the impact of sex on IPMP outcomes.44,45

Because machine learning models are able to examine combi
nations of predictors, expanding the use of machine learning 
approaches may increase our ability to develop clinical fore
casting tools that can better identify personalized care needs 
taking into account multiple individual factors.

The data also revealed several baseline differences between 
the 3 diagnostic groups. Those with LBP had lower stress lev
els than both other groups, and lower anxiety than those 
with CWP, consistent with prior literature.46,47 It might be 
that psychological factors such as anxiety play less of a role 
in the development of LBP,47 or it may be that LBP causes 
less distress than CWP, which is associated with high levels of 
uncertainty48 and social stigma.49

Strengths and limitations
This study presents with several strengths. First, because 
CRPS is a relatively rare condition, it is challenging to recruit 
adequate sample sizes for clinical trials. Using data collected 
over a 10-year period, this study accrued data from 66 CRPS 
patients, which is a reasonable size for research in this condi
tion. Second, the real-world clinical data from a tertiary serv
ice that tends to see the most complex patients makes the 
results applicable to such settings. Third, the machine learn
ing approach employed is novel and innovative, and provides 
a template for further analyses predicting treatment outcome 
in this population. In terms of limitations, this was a 

Table 2. The number of participants in each BPI Pain Intensity and 
Interference trajectory for each diagnostic class.

CRPS   LBP     CWP    χ2, P-value

Pain interference
Poorer responder 42 (70%) 36 (59%) 36 (61%) 1.8, .4
Good responder 18 (30%) 25 (41%) 23 (39%)

Pain intensity
Poorer responder 54 (90%) 55 (90%) 52 (88%) 0.2, .9
Good responder 6 (10%) 6 (10%) 7 (12%)

Abbreviations: CRPS, complex regional pain syndrome; LBP, low back 
pain; CWP, chronic widespread pain χ2, chi-square.
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secondary analysis of an existing dataset, hence, no a-priori 
power calculations were completed to determine the sample 
size required to test the hypotheses. However, based on the 
(small) between group effect sizes, it is unlikely that a greater 
sample size would demonstrate significant differences in out
comes between those with CRPS, CWP, and LBP. In terms of 
generalizability, although the findings are likely relevant to 
tertiary pain service populations, they may not be generaliz
able to less complex clinical populations. The sample were 
predominantly European, and future work is needed to assess 

the generalizability to minority groups. Further, the study 
was observational in nature with no placebo control group, 
and the clinical dataset had considerable loss to follow-up. 
Medication data were not systematically collected so could 
not be included as a variable in the analyses. Additionally, 
the machine learning approach utilized, and the combination 
of predictors included has not been tested on an external 
dataset. It is therefore likely that the accuracy obtained when 
testing the model was an overestimation of its actual capabil
ity. In the future, similar machine learning approaches will be 
applied to a much larger dataset, which will allow a more 
precise model induction and validation on a separate sample 
subset. Machine learn models must be validated on an exter
nal dataset before being applied so no recommendations for 
changing clinical care based on predictive factors should be 
made at this time.

Conclusion
People with CRPS show equivalent benefits from IPMP to 
those with other primary pain conditions (LBP and CWP). 

Table 3. Sensitivity, specificity, and likelihood ratios for pain interference 
and intensity predictions obtained through the support vector machine 
model.

Outcome Sensitivity (ratio) Specificity (ratio) LRþ LR− 

BPI Pain Interference 58% (38/66) 76% (87/114) 2.4 0.55
BPI Pain Intensity 95% (18/19) 90% (145/161) 9.5 0.056

Abbreviations: LRþ, Positive likelihood ratio; LR−, Negative likelihood 
ratio; BPI, Brief Pain Inventory.

Figure 4. Signal to noise ratio (SNR) for the (A) BPI Pain Interference (B) and BPI Pain Intensity outcomes.
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These results support the use of interdisciplinary pain man
agement for CRPS. The combination of baseline pain, psy
chological factors and demographics may prove useful in 
predicting IPMP outcomes in people with persistent pain. If 
the accuracy of these models was validated in a different 
group of participants, it may be possible to identify addi
tional strategies to improve outcomes of people who are cur
rently less likely to benefit from IPMPs.
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