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Pain exposure physical therapy may be a safe and
effective treatment for longstanding complex regional
pain syndrome type 1: a case series
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Objective: To determine if treatment of longstanding complex regional pain
syndrome type 1, focusing on functional improvement only while neglecting
pain, results in clinical improvement of this syndrome.
Design: Prospective description of a case series of 106 patients.
Setting: Outpatient clinic for rehabilitation.
Interventions: Physical therapy of the affected limb directed at a functional
improvement only while neglecting the pain, was performed following an extensive
explanation. Normal use of the limb between the treatments was encouraged
despite pain. A maximum of five of these sessions were performed in three
months.
Measures: Radboud Skills Test was used to monitor functional improvement of
the arms. Speed and walking distance was used as the measure of outcome for
the legs.
Results: The function of the affected arm or leg improved in 95 patients. Full
functional recovery was experienced in 49 (46%) of them. A reduction in pain
presented in 75 patients. In 23 patients functional recovery was reached despite
an increase in pain. Four patients stopped early due to pain increase.
Conclusions: Our results suggest that ‘pain exposure physical therapy’ is effective
and safe for patients who are unresponsive to accepted standard therapies.
Avoiding the use of a limb due to pain will result in loss of function. Forced usage
of limbs restores the function, reverses these adaptive processes and leads to
regain of control by practice with a reduction of pain in most cases.
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Complex regional pain syndrome type 1 (CRPS-1)
presents with pain, sensory and motor disturbances
and autonomic deregulation.1,2 The reported incidence of CRPS-1, depending on the study population and diagnostic criteria used, varies between
5.46 and 26.2 per 100 000 person-years.3,4
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Despite a spontaneous restoration in the majority
of the cases about 22% show long-lasting symptoms and signs.5 These may vary from joint stiffness and pain to a complete paralysis and loss of
function of the affected limb in extreme cases. The
prognosis of these patients with chronic complaints appears to be poor since they can show
severe functional impairments in combination
with ongoing pain complaints.5 Due to these
pain complaints any functional improvement is
severely restricted.
Recent research has shown that in CRPS-1
patients, extensive neuroplastic changes have
taken place in the brain which by themselves can
interfere with the normal use of an extremity.6,7
These ‘central changes’ might explain the inefficacy of an approach that is directed only at a
reduction of the pain complaints at this stage. In
the past, physical therapy in CRPS mainly focused
on a ‘pain-contingent’ treatment. By respecting
pain as a sign of ongoing injury, only non-painful
exercises were allowed and tolerated.8
Recently, however, an approach called ‘graded
exposure’ has proven to be effective in these
patients.9 It has been suggested that limiting the
use of the extremity due to severe pain could be
counterproductive and lead to a further deterioration. In line with these findings an early, more
functionally directed approach may result in a
better outcome. Although a comparable, more
‘aggressive’ approach based on these considerations has been published in the past, this has not
received widespread attention since then.10
By coincidence we were confronted by a number
of treatment-resistant CRPS-1 patients of our own
hospital who, at their own initiative, underwent an
‘experimental’, unpublished, treatment abroad.
This approach was primarily aimed at functional
improvement and appeared to have a remarkable
positive effect on both function and pain. We
therefore decided to treat a sequential group of
chronic CRPS-1 treatment-resistant patients who
presented to our hospital in a similar way, to
determine whether this treatment could result in
a similar positive effect.
We chose to call this treatment ‘pain exposure
physical therapy’ or ‘PEPT’, since our approach,
despite pain provocation, was mainly directed at a
functional change. With this case series we primarily aim to describe the efficacy and the safety of

this approach. Also, we wanted to interpret the
results in a theoretical framework considering the
recent information on neuroplastic changes as seen
in CRPS-1.

Patients and methods
Study population
All patients studied were diagnosed as having
CRPS-1 according the International Association
for the Study of Pain (IASP) criteria,11 and were
excluded if this diagnosis could not be confirmed
at the start of the study. Also, serious depression
or psychopathology as determined on clinical
grounds and a suspicion of automutilation or
severe affective disorders were reasons for exclusion. To determine if the patients were all in a
chronic phase the following inclusion criteria
were used: longstanding (more than nine months)
pain and functional impairment in one extremity
despite various treatments (e.g. analgesics, transcutaneous electric nerve stimulation, physical
therapy in various ways, nerve blocks and rehabilitation treatment). Since none of these therapies
had resulted in further improvement, the patients
agreed to this new treatment after information and
explanation of the protocol. A possible pain
increase was also discussed.
Due to the ‘end-stage situation’ of CRPS-1 in
these patients and failure of previous treatment,
further consent by an ethical committee was considered not to be necessary. All patients, however,
gave written informed consent. Patients were motivated to perform the exercises at home despite
concomitant pain increase and they also agreed
that their partner would be present during the
treatment. At the moment of inclusion all other
treatments were truncated and all drugs aimed at
CRPS-1 were tapered and stopped. Since most of
the analgesics were ineffective, patients were
advised to stop taking them.

Description of the intervention
Patients, in the presence of their partner or relative, were first seen by a rehabilitation physician
to exclude any other underlying serious pathology and confirming the diagnosis of CRPS-1.11

Pain exposure therapy for complex regional pain syndrome
After a standardized examination of the affected
extremity by a physiotherapist to determine the
passive and active range of motion of the joints,
a comparison was made with the corresponding
healthy side.
Following this examination the rehabilitation
physician and physiotherapist talked together
with the patient and their partner. Here, it was
explained that the persistent pain complaints
should be considered to be ‘a false warning sign’
of the nervous system, instead of a symptom of
ongoing tissue injury demanding that the limb be
immobilized to prevent further damage. It was
also emphasized that CRPS-1 should be considered to be a reversible deregulation of the nervous
system. Functional deterioration, vegetative and
sensory abnormalities and pain were all explained
in this context.
Before the actual treatment started it was discussed extensively that the therapists, although
understanding the pain, would not respond to it.
An essential part of this approach was, therefore,
that both verbal and non-verbal expressions of
pain during examination and therapy would be
ignored. Also, the contrast with physical therapy
as experienced by the patient previously, was
underlined at this phase.
The treatment was initiated by using traction
and translation of the restrained joints. Also, an
assisted or active movement of the joint was combined with passive stretching of hyper- and dystonic muscles. If necessary, this was followed by
an intensive manual friction of tender points. The
goal of this approach was to increase the active
and passive range of motion. The patient was
motivated to ignore the pain (even when it
increased), allowing the affected limb to be
touched and moved. Also direct use of the affected
extremity in a functional way immediately thereafter was encouraged (e.g. like holding and opening a bottle with their hand or active walking).
When it was necessary to decrease sensitization,
it was shown that touching the skin was harmless
and could be performed at home as well.
To further attain a rapid and functional use of
the affected extremity as quickly as possible in a
time-contingent way, patients were instructed to
perform the prescribed exercises at home.
Functional improvement was the aim of these
exercises. Patients, for example, were not allowed
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to use their wheelchair or had to aim to walk without crutches a certain distance the following week.
Patients were encouraged to practise at least the
same exercises that were performed at the end of
the previous treatment session. Also, they were
given the role of an active coping person instead
of a pain-avoiding, passive patient. The partner or
relative was also given an active participating role
as an instructor and a mental guide.
Two physiotherapists performed all treatments
together once weekly at the start, with a greater
interval when possible, for a maximum of three
months. This was done to show a positive, reinforcing attitude towards the patient. Being together,
both therapists could express great confidence
with the therapy. No other disciplines were
involved during these sessions. The treatment sessions lasted 45 minutes and were limited to a maximum of five. Evaluation of the treatment was
performed three months after the last intervention.

Outcome measures
Primary outcome measure: functional improvement
The primary outcome measure of pain exposure
physical therapy is functional improvement of the
affected extremity as measured by various objective parameters. To register this the following tests
were used before treatment (T1) and 3–4 months
(mean 3.6 months) after the last treatment session
(T2).
 For evaluation of the hand/arm function the
Radboud Skills Test was used.12 This test was
specifically developed for CRPS-1 of the arm
and consists of 10 two-handed tasks. Each
task has two scores. A limitation score determined by an occupational therapist and an
effort score determined by the patient. The therapist scored 10 items from 0 (normal) to 4
(impossible) resulting in a maximum limitation
score of 40. The patient scored each item from 0
(no effort) to 2 (much effort) providing a maximum effort score of 20. A normal function and
thus full recovery of the hand/arm function was
defined as a Radboud Skills Test limitation
score 53. A partial recovery was defined as an
improvement of the Radboud Skills Test limitation score.
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 For evaluation of the leg/foot function we
determined:
(a) Maximum duration/distance of walking in
minutes or meters, as reported by the
patient (15 minutes walking was taken as
1 km)
(b) Time needed to walk 7 m, measured in
seconds.
(c) Time (in seconds) needed to climb a standard stair consisting of three steps: going
three steps up, turning, and going down
again.
A normal function and full recovery for the leg
was defined as being able to walk either more than
4 km or more than 1 hour, without crutches.
Partial recovery was defined as an improvement
of the walking-distance, however, less than 4 km.

Secondary outcome measure
Pain scores (visual analogue scale, VAS) were
noted as secondary outcome measures before
treatment and at three months after treatment.

Statistical analysis
Data were assembled in an Excel database that
was imported in SAS (SAS Institute inc, Cary,
NC, USA) for statistical analysis. Data are
reported as mean (SEM, min–max, N).
Comparisons of variables at two different occasions (before treatment and three months after
the last treatment session) were performed with
Student’s t-test for paired observations, for
which P-values are reported. P50.05 was considered significant.

186 patients referred

80 patients excluded

Arm/hand 39 patients
18 full recovery
19 partial recovery
2 patients lost to follow-up

106 patients included
4 patients stopped, 2 , 2
2 arm/hand
2 leg/foot

Leg/foot 63 patients
31 full recovery
27 partial recovery
5 no change

Figure 1 Flowchart of the patients referred and entering
the study.

showed a variety of psychosocial complaints
(anxiety, depression, etc.) or chose not to participate. As shown in Figure 1, 106 patients entered
the study and consented to the treatment protocol.
During treatment, four patients dropped out
since they considered the interventions too strenuous and too painful for them. Therefore, 102
patients completed the study with a mean age of
45.0 years (1.37; 12–76; 102).The mean duration of
the CRPS-1 symptoms was 55.0 months (4.3;
9–204; 102).

Results

Functional changes
Arm/hand group
The majority of patients improved functionally
(Table 1, Figure 1). In 18 patients, full functional
recovery, with a limitation score below 3 at three
months after treatment, was reached, while partial
recovery was noted in another 19 patients.

A total of 186 patients were referred and seen by
us, of whom 80 could not be included in the study.
The majority of these patients either did not meet
the International Association for the Study of
Pain criteria11 any more or presented with another
cause for their pain complaints (e.g. carpal tunnel
syndrome, peripheral nerve lesions, arthritis, postthrombotic syndromes, disuse). A few patients

Leg/foot group
Full functional recovery was reached in 31
patients being able to walk more than 4 km. In
27 patients the walking distance improved, however, they could not reach the 4 km point. Five
patients did not show an improvement. In 58 out
of 63 patients data were present to show an

Pain exposure therapy for complex regional pain syndrome
Table 1
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Functional changes in the arm/hand and leg/foot and pain scores
P-value
T1 (start of treatment) T2 (three months
Mean (SEM, min–max) after treatment)
Mean (SEM, min–max)

Arm/hand
Radboud Skills Test
37 patients
2 patients lost
to follow-up
Leg/foot
63 patients
Missing
5 patients
Missing
6 patients
Pain

Walking Duration in minutes

Limitation
score

21.0 (1.39; 4–32)

Effort score 7.8 (0.79; 0–16)
9.4 (1.6; 0–60)

5.8 (1.16; 0–30)

50.0001

2.6 (0.5; 0–10)
60 (6.3; 15–150)

50.0001
50.0001

Velocity 7 meters in seconds

16.9 (2.7; 8–137)

8.0 (0.7; 3.8–35)

0.0007

Climbing Stairs 3 steps up and
down in seconds
VAS

17.3 (2.4; 4.5–97)

7.8 (0.6; 2.7–31)

50.0001

4.9 (0.24; 0–9)

2.7 (0.27; 0–9)

50.0001

VAS, visual analogue scale; SEM, standard error of the mean.
Radboud Skills Test: Limitation score (0–40). Effort score (0–20): maximum score is functionally poor. Walking: maximum
duration of walking possible; time in minutes. Velocity: time in seconds to walk 7 m. Climbing stairs: time in seconds to climb
three steps up and down.

increase in walking velocity as seen by a decrease
in time to walk 7 m in Table 1. No patient deteriorated functionally during treatment.
Pain
In 76 patients the visual analogue scale score
decreased, while in 14 patients it was higher after
treatment than before treatment; in 12 patients the
visual analogue scale score did not change.
Remarkably, in 10 of these 26 patients full functionality was reached, while in 13 partial improvement was noted.
At the end of the study period (three months after
treatment) additional physical therapy was needed
in 19 patients. This was mainly for persistent contractures, loss of muscle strength or improvement
of the general condition of the patient. No patient
showed a long-lasting increase in symptoms. Some
patients experienced a temporary increase in pain
following the treatment session. This, however, did
not interfere with functional progress. No other
adverse effect was noted in any patient.

Discussion
This study shows that a treatment aimed at maximal functional restoration is safe and effective in

patients with longstanding CRPS-1. Only four
patients dropped out due to the pain provocation
of the treatment. Conventional treatment of
CRPS-1 consists both of physical therapy as well
as pharmacological management but in a large
group of patients serious impairments can persist.5
Physical therapy has always been an important
part of the treatment of CRPS-1 although the optimal approach and its efficacy is still undetermined.13 Despite agreement that early diagnosis
and timely physical therapy can lead to better outcomes,2 large variations exist in the way physical
therapy is prescribed and performed.14 Usually
severe pain provocation during treatment is
avoided by using general physical therapeutic or
occupational therapeutic principles.8,15 Part of this
approach is also used in so-called ‘graded exposure’. Minimizing pain complaints during this
treatment has recently been shown to result in an
improved outcome.9 Severe spontaneous or provoked pain complaints, however, can be a barrier
for the patient and the therapist in regaining the
necessary functional improvement.15
Although pain exposure physical therapy can
provoke severe temporary emotional and physical
effects and pain, the results appear impressive,
especially in these chronic patients. This is even
more remarkable considering that 23 patients,
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despite the same or increased pain complaints,
were able to achieve functional improvement.
Due to the fact that many patients are no longer
used to seeing and feeling their limbs moving, they
frequently show a state of disbelief about the
regained control combined with pain at the same
time. Crying at that moment, therefore, is not only
caused by pain itself. Physical symptoms can present as a temporary swelling which wears off after a
few days.
What leads to these positive changes when the
induced pain is ignored by both the therapist and
the patient? Recently, numerous studies have indicated that early in the development of CRPS-1
extensive changes occur in the central nervous
system, in particular the brain.6,16,17 These patterns of reorganization consist of shrinkage of
the somatotopic area of the affected extremity in
the primary somatosensory cortex (S1).6 When the
syndrome recovers clinically, these changes appear
to normalize and the cortical representation is
restored.16,18 Apart from these somatosensory
changes, a disturbance in the normal sensorymotor interaction19 and a reorganization of various motor circuits as shown by an enlargement of
functional magnetic resonance imaging (fMRI)
signalling takes place.20 These alterations may
lead to extensive changes of the perception of the
so-called ‘body scheme’.7,18,21,22 This underpins
that widespread ‘central’ effects of this ‘regional’
pain syndrome can be found in the brain. Also,
this ‘distorted body image’ can lead to a delayed
recognition of an extremity and a subsequent more
extensive and serious loss of control.7
Remarkably, there appears to be a close correlation between this sense of ‘foreigness’ and the pain
intensity, as has been shown in numerous neuroimaging studies.16,18,23 The occurrence and disappearance of pain appears to be a clinical symptom
which is closely linked to these changes in these
imaging studies.18,24
These findings may therefore lead to a new therapeutic approach.18,23,25 An improvement in this
chronic phase of CRPS-1 is still feasible despite the
long-lasting complaints and the risk of severe limitations in the future.5 Since pain and functional
disturbances are major parts of the problem, these
will lead to restrictions in the normal use of the
affected extremity. The presence of allodynia in
CRPS-1 can be determined objectively by fMRI

and appears to be associated with widespread cortical activation beyond the primary somatosensory
cortex.24,26 Symptoms of allodynia and subsequent
fear of movement are reinforced by fear-avoidance
cognitions. These reflect the thought that movement will induce more pain and thus cause
harm.9,27 Finally, the patient’s cognitions may be
supported by the therapist’s ideas that painprovoking activities may worsen the disease symptoms and consequently the disease.28 When
painful activities are thus discouraged this may
induce an ‘iatrogenic’ component in the treatment
of CRPS-1, ultimately resulting in a state of
‘learned disuse’.29 Also, the presence of a fearful
partner or observer can increase the threat value of
pain, further adding to this negative affect.30
The rationale for pain exposure physical therapy is, therefore, that this treatment interferes
and breaks this vicious cycle and aims mainly at
functional restoration. The concomitant pain complaints can therefore be ignored and interpreted as
a ‘false warning sign’ of the nervous system. This is
explained extensively to the patients and their
partners at various times during the treatment.
Patients are also clearly influenced by cognitive–
behavioural effects of the team as a whole. The
relative contribution of these components on the
total treatment effects remain unclear.
Since the early phase of pain exposure physical
therapy can be very painful, we initially considered
performing the treatment under regional or general anaesthesia. However, after considering the
neuroplastic changes as discussed above, we
decided to treat without sedation or concomitant
use of analgesics in order to have a rapid restoration of function.
In our experience one of the cornerstones of the
success of pain exposure physical therapy is to
motivate the patient to undergo both the painful
interventions and to keep training and exercising
at home. We estimated their motivation in a practical sense. Patients were asked whether they had
any idea what they would like to do when their
extremity was functioning in a near-normal way.
A realistic approach to this question seemed to be
a good predictor of achievability. The supportive
cooperation of the partner is also necessary since
any lack of support could, via operant conditioning, lead to failure of this therapy.30 Although a
number of these aspects have been described
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extensively by Bruehl and Chung,27 our approach
is different since functional restoration is the primary goal of the treatment and pain is ignored.
Also, the therapist manipulates the affected
extremity from the beginning which is also the difference with the technique described by Watson
and Carson10 where only the patient manipulates
and moves the extremity.
A number of drawbacks are present in this case
series. Despite the chronic stage situation of the
majority of the patients, a control group could
have been added to improve the scientific value.
However, the 106 patients treated with pain exposure physical therapy in the present study may be
considered more or less as their own controls,
since they had all undergone several accepted
‘standard’ therapies for CRPS-1. Therefore, the
obtained improvements in these patients clearly
indicate that pain exposure physical therapy was
either able to reach a higher level of performance
or still a lower pain level in comparison with other
previous therapies for CRPS-1. It is desirable that
a controlled study is undertaken in which new
patients are randomized between pain exposure
physical therapy and the standard treatment.
That study should answer the question whether
pain exposure physical therapy is a favourable
therapy for recently diagnosed CRPS-1 patients
or would be specifically beneficial in only a subgroup of extremely motivated patients. At this
moment such a study has started in our hospital
(http://clinicaltrials.gov/ct2/show/NCT00817128).
Finally, another drawback in our study was that
blinding of the patients and therapists was impossible due to the pain complaints during treatment.
Assessment of the patients was, therefore, not performed by a blinded observer. Future prospective
studies should consider these weaknesses.
Although we informed the patients extensively
about the experimental nature of the treatment, we
did not request the formal consent of an ethical
committee. Having undergone a variety of all
treatments available for CRPS-1, before, we
thought this would not be necessary. Despite the
fact that all patients gave written informed consent, in hindsight we should have considered
formal ethical approval before the study was
performed.
We have described the results of our treatment
called pain exposure physical therapy for chronic
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CRPS-1 by following a strict physiotherapeutic
approach with particular attention to the cognitions and attitudes of the patient and their partner.
The main difference from previous treatments
is the neglect of the pain complaints aiming
primarily at an optimal functional restoration in
a motivated patient and partner. We conclude that
pain exposure physical therapy as shown in this
pilot study is a safe, effective and inexpensive
therapy for an otherwise severely debilitating
condition.

Clinical messages
 A treatment of longstanding complex
regional pain syndrome type 1 aimed at
functional improvement only, without any
focus on pain complaints, is safe and can
still be effective.
 Despite a temporary increase in pain, ultimately, reduction of it will follow in the
majority of patients.
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20 Maihöfner CA, Baron R, DeCol R et al.
The motor system shows extensive changes in
complex regional pain syndrome. Brain 2007; 130:
2671–87.
21 Schwoebel J, Coslett HB, Bradt J. Friedman R,
Dileo C. Pain and the body schema: effects of
pain severity on mental representations of movement. Neurology 2002; 59: 775–77.
22 Förderreuther S, Sailer U, Straube A. Impaired
self perception of the hand in complex regional
pain syndrome (CRPS). Pain 2004; 110: 756–61.
23 Acerra NE, Souvlis T, Moseley GL. Stroke, complex regional pain syndrome and phantom limb
pain: can commonalities direct future management? J Rehabil Med 2007; 39: 109–14.
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