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Abstract

Background and aims: Prism adaptation (PA) is a non-invasive

procedure in which participants perform a visuo-motor pointing task

while wearing prism goggles inducing a lateral displacement of the

visual field and a mismatch between the seen and felt position of the

pointing hand. PA is thought to induce a reorganization of sensorimotor

coordination, and has been used successfully to rehabilitate neglect

following right-hemisphere lesions. Because studies have shown that

complex regional pain syndrome (CRPS) is associated with neglect-like

symptoms, it was proposed that PA could be used to alleviate pain in

these patients.

Database: A search for peer-reviewed articles on neglect-like symptoms

in CRPS and on the use of prisms in CRPS was conducted using the

PubMed database.

Results: There is still no agreement as to whether CRPS patients really

present neglect symptoms and, if they do, what it is that they neglect.

Furthermore, there is insufficient data to determine whether PA exerts

an effect on CRPS symptoms. Finally, it remains unknown whether

neglect can be observed in other types of lateralized pain, or whether PA

could be useful for these patients.

Conclusion: By highlighting open issues, our review provides

guidelines for future studies on the use of prisms in pain. The

assessment of neglect in patients with CRPS as well as other types of

lateralized chronic pain should be characterized using a combination of

neuropsychological methods assessing the multiple aspects of neglect in

a more refined manner. In addition, further studies should investigate

the mechanisms through which PA may modulate pain.

1. Introduction

1.1 Prism adaptation

Prism adaptation (PA) is a non-invasive procedure

which combines visual displacement with a visuo-

motor pointing task to promote a reorganization of

sensorimotor coordination that may expand to spa-

tial cognition. During PA, rightward or leftward devi-

ating goggles are worn, and subjects are asked to

point, making a rapid movement, towards visual tar-

gets placed in front of them. Initially (early exposure

phase), the prisms induce a pointing error towards

the side of the optical deviation of the prisms (i.e.

right-shifting prisms induce a rightward error). After

some trials (late exposure phase), the pointing

regains precision. This correction requires resolving
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the shift in visual information produced by the

prisms and is thought to involve, at least in part, a

recalibration of visuo-motor coordination (O’Shea

et al., 2013) (Fig. 1A).

When the brain has adapted to the new visual-

motor alignment, removing the goggles leads to

so-called compensatory after-effects of PA. When par-

ticipants point at the target without wearing the gog-

gles and without visual feedback of the moving

hand, a pointing error towards the opposite direction

of the initial displacement is observed (i.e. right-

shifting goggles induce a leftward after-effect, Redd-

ing et al., 2005). PA is defined as a bottom-up effect

in that, by operating at the level of cerebellar senso-

rimotor coordination (patient studies have demon-

strated that PA depends on cerebellar substrates,

Weiner et al., 1983; Pisella et al., 2005, 2006), it

induces indirect effects (‘expansion’) on numerous

higher-order cognitive functions (Rode et al., 1998;

Michel, 2006; Jacquin-Courtois et al., 2010). This is

demonstrated by the fact that the effects of PA are

not limited to visual and motor functions (Jacquin-

Courtois et al., 2013), and the fact that fMRI studies

have shown that PA produces changes in fronto-

parietal and cerebellar circuits involved in spatial

cognition and visuo-motor coordination (Danckert

et al., 2008; Luaute et al., 2009; Chapman et al.,

2010; Kuper et al., 2013).

PA has been proposed as a means to reduce visuo-

spatial deficits in patients with spatial neglect (Ros-

setti et al., 1998), a disorder that usually appears

after right brain damage and is characterized by a

lack of awareness of the left contralesional space and

an inability to attend and respond to information

presented in that side of space. During rehabilitation,

spatial neglect patients are exposed to rightward

displacing goggles, i.e. prisms that shift the visual

field away from the neglected side. The after-effects

of PA using rightward prisms will thus induce a shift

towards the left side, i.e. towards the neglected side.

After treatment with rightward displacing goggles,

spatial neglect patients exhibit improved abilities to

attend stimuli presented in the left space (Serino

et al., 2006, 2009). Importantly, PA does not only

improve visuo-motor coordination (Jacquin-Courtois

et al., 2013). Indeed, the effects of PA expand to a

wide range of sensory modalities, including audition

(Jacquin-Courtois et al., 2010) and somatosensation

(McIntosh et al., 2002; Maravita et al., 2003; Dijker-

man et al., 2004). According to some studies (Frassi-

netti et al., 2002; Serino et al., 2007; Shiraishi et al.,

2008; Jacquin-Courtois et al., 2013), the effects of

sustained and repeated PA can be long-lasting, up to

several months. However, not all studies have

reported beneficial effects of PA in patients (Luaute

et al., 2009; Newport and Schenk, 2012), possibly

also depending on rehabilitation procedures and fre-

quency (Rode et al., 2015, Jacquin-Courtois et al.,

2013).

A critical requirement to induce PA is the perfor-

mance of a visuo-motor task when wearing the gog-

gles. If the prisms are worn without performing a

visuo-motor task, i.e. passive exposure, they do not

induce long-lasting after-effects (Fig. 1B). For exam-

ple, Folegatti et al. (2009) found that during passive

exposure to prisms, reaction times to tactile stimuli

delivered on the hand were slower when wearing

the prisms, suggesting that the simple act of wearing

prismatic glasses can affect performance. However,

and contrasting with the long-lasting effects of PA,

the effects disappeared as soon as the goggles were

removed. Therefore, it is accepted that the effects of

passive exposure and those of PA do not share the

same neural basis. Instead, the effects of passive

exposure probably rely on cross-modal mismatches

between vision and proprioception.

1.2 Prism adaptation for the treatment of CRPS

Complex regional pain syndrome (CRPS) is a lateral-

ized chronic pain condition that usually appears after

a noxious event such as a wrist fracture or surgery

and is characterized by severe and disproportionate

pain in a limb that is not limited to the distribution

of a single peripheral nerve. The pain is associated at

some point with evidence of oedema, as well as

changes in skin blood flow and temperature. In

addition, CRPS patients are thought to present

What’s already known about this topic?

• Prism adaptation is a non-invasive procedure

that may be used to alleviate chronic pain lat-

eralized to one side of the body, in particular

in complex regional pain syndrome (CRPS).

What does this study add?

• This review critically examines neuropsycho-

logical literature on the use of prisms in lateral-

ized pain syndromes, discusses neglect

symptoms in CRPS and provides useful guide-

lines on the use of prisms in chronic pain, both

for clinicians and basic scientists.
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‘neglect-like’ symptoms (Galer and Jensen, 1999;

Forderreuther et al., 2004; Moseley, 2004; Frettloh

et al., 2006; Lewis et al., 2007; Marinus et al., 2011;

Legrain et al., 2012) in the sense that they tend to

ignore the affected body part (see Legrain et al.,

2012; for a critical review). For example, CRPS

patients tend to show reduced ownership, altered

mental representation and underuse of the affected

limb, indicative of asomatognosia and motor neglect. In

addition, detection of stimuli delivered to the

affected limb is impaired by the concurrent stimula-

tion of the contralateral limb (Cohen et al., 2013).

Considering the existence of neglect-like symp-

toms in CRPS, Sumitani et al. (2007a) trained a

group of five CRPS patients using goggles inducing a

visual displacement away from the CRPS limb. After

2 weeks of repeated PA, they observed reduced rat-

ings of spontaneous pain. In one patient, the authors

assessed the effect of goggles inducing a visual dis-

placement towards the affected limb, and found that

this resulted in an exacerbation of pain.

These results, obtained in a very small group of

patients, suggest that PA could be used to reduce

pain in CRPS. However, understanding the effects of

PA on the symptoms of CRPS is challenging, and the

choice of the direction of the prismatic displacement

is not straightforward. First, because it remains

unclear whether CRPS is associated with neglect of

the affected limb or, on the contrary, an over-repre-

sentation of the affected limb. Second, because the

mechanisms leading to neglect symptoms in CRPS

are likely to be different from the mechanisms

explaining hemineglect following a lesion of the

right hemisphere (Punt et al., 2013). PA could thus

induce different effects on the neglect symptoms of

CRPS patients and brain-damaged patients. Third,

and most importantly, PA could induce differential

effects on the neglect and pain symptoms of CRPS.

Intuitively, one might expect that if patients tend to

neglect their affected limb, PA using prisms produc-

ing a deviation towards the unaffected limb would

induce after-effects towards the affected limb that

would reduce the symptoms of neglect but enhance

awareness of the affected limb and, thereby, increase

pain.

2. Database

A search for peer-reviewed articles on neglect-like

symptoms in CRPS and on the use of prisms in CRPS

was conducted using the PubMed database to

address three main questions: 1. whether CRPS

patients really present neglect symptoms; 2. if they

do, what it is that they neglect, and 3. whether

neglect can be observed in other types of lateralized

pain, or whether PA could be useful for these

patients.

3. Results

3.1 Is CRPS associated with neglect or over-
representation of the affected limb?

Studies of patients with left hemineglect due to a

right-hemisphere lesion have shown that neglect is

not a unitary phenomenon and, instead, can be frac-

tioned in a number of dissociable components.

Therefore, the choice of the method used to assess

A B

Figure 1 Differences between prism adaptation and passive exposure. (A) Prism adaptation (PA). Participants are asked to point in front of them

or to perform any other visuo-motor task towards a target while wearing prismatic goggles. During pointing, participants view the target but not

the hand. Because of the optical shift produced by the goggles, the target appears shifted as compared to its real position. During the first trials,

participants make pointing errors towards the direction of the optical shift (early phase exposure). After some practice, these errors attenuate (late

phase exposure). After PA, participants no longer wear the goggles and make pointing errors in the opposite direction. This after-effect of PA

results from a realignment of visual and motor coordinates. Importantly, in this case, the hand itself looks shifted. (for a detailed description of

the prism adaptation procedure used in patients, see Rode et al. 2015). (B) Passive exposure. Here, participants do not perform a visuo-motor

task. Instead, participants view their hands and goggles induce a conflict between the visually perceived position of the hand (represented with

the solid contour) and its actual position (represented with a dashed contour).
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neglect-like symptoms in CRPS is crucial, as different

methods could assess different aspects of neglect,

leading to apparently contradicting results. Impor-

tantly, motor neglect differs from perceptual neglect.

The first is characterized by the spontaneous unde-

ruse of the left contralesional limb, without any

evident motor deficit. The second is characterized by

lack of awareness of the left contralesional space and

a reduced ability to attend and respond to informa-

tion presented in that side of space. The neglect-like

symptoms observed in CRPS patients resemble more

motor than perceptual neglect. That is, CRPS patients

tend not to move the affected limb, while deficits of

awareness or perception of that limb are less obvi-

ous. Using questionnaires, Lewis et al. (2007)

showed that patients reported negative feelings

towards the painful limb, with mismatches between

the felt and seen characteristics of the limbs, as in

dysmorphic disorders. Conversely, it has been pro-

posed that CRPS patients can over-represent infor-

mation coming from the affected limb. Sumitani

et al. (2007a,b) reported that CRPS patients tend to

shift their visual subjective body midline towards the

affected limb, which is evocative of spatial neglect of

the unaffected side or over-representation of the

affected side. The authors suggested that the imbal-

ance in subjective body midline could be induced by

exaggerated somatosensory sensory input from the patho-

logical limb (but see Moseley et al., 2009; for a dif-

ferent interpretation), as has been proposed by

Jeannerod for spatial neglect (e.g. Jeannerod and

Rossetti, 1993). Supporting their view, they observed

that during therapeutic nerve blockade of the

affected limb using intravenous lidocaine, the reduc-

tion in pain was associated with a reduction in the

subjective body midline displacement towards the

CRPS side.

However, it should also be noted that a bias in the

perception of the subjective body midline has been

recently reported as independent of the side of pain.

Reinersmann et al. observed that, in the dark, CRPS

patients perceived their visual body midline as shifted

towards the left, independently of the actual side of

pain (Reinersmann et al., 2012). This leftward bias

was greater in CRPS patients as compared to patients

with non-CRPS lateralized pain. In agreement with

this, Uematsu et al. (2009) reported a perceived shift

of the body midline in CRPS patients, but not in post-

herpetic patients with unilateral pain. This could sug-

gest that over-representation of the affected side is

present only in CRPS, or in pain pathologies with a

predominantly central component. Undermining this

conclusion however is the fact that Uematsu et al.

(2009) predominantly recruited post-herpetic neural-

gia patients with pain involving the body trunk.

Therefore, the observed differences could also be

explained by the fact that CRPS patients had more lat-

eralized pain, most often involving the extremity of a

limb. Nevertheless, these data suggest that imbalance

in body representation constitutes a key, and possibly

specific, feature of CRPS.

3.2 What are the effects of PA on the neglect
and pain symptoms of CRPS?

Sumitani et al. (2007a) showed that after exposure

to prisms inducing a visual displacement away from

the CRPS limb, the bias in locating the visual mid-

line towards the affected side was reduced. The

effects of PA on the perceived position of the body

midline were observed before any effect on pain.

Therefore, it might be hypothesized that changes of

the perceived position of the visual body midline

constitute a prerequisite for a reduction in CRPS-

related pain. Bultitude and Rafal (2010) replicated

the results of Sumitani et al. (2007a), by showing

that goggles inducing a shift in the perceived body

midline towards the healthy limb reduced pain. They

also reported that the reduction in pain symptoms

Figure 2 Prism adaptation (PA) can restore the pathological shift in

body midline that has been observed in CRPS patients. After PA,

Sumitani et al. (Sumitani et al., 2007a) observed that the shift towards

the affected side was displaced towards the healthy side. The authors

interpreted the shift towards the pathological side as a tendency to

over-represent information coming from the affected side. Therefore,

a shift in the opposite direction was considered as reflecting an

improvement over the pathological over-representation of inputs.
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was observed when the PA-inducing pointing task

was performed using the CRPS hand, but not when

it was performed using the healthy hand. This con-

trasts with what is usually done in hemineglect

patients, for which PA is usually performed with the

right hand, namely the one corresponding to the

non-neglected portion of space.

3.3 Effects of PA and passive exposure on the
autonomic symptoms of CRPS

Sumitani et al. (2007a) and Bultitude and Rafal

observed that autonomic symptoms, such as oedema,

and discoloration could also be improved by PA (see

Rossetti et al., 2013). In a recent study, Moseley

et al. (2013) used prismatic goggles to induce a

visual displacement towards the pathological limb or

the healthy limb in CRPS patients exhibiting a rela-

tive reduction in the temperature of the affected

limb. Importantly, the authors did not ask the

patients to perform any sensory-motor task. Hence,

it is likely that the procedure did not induce adapta-

tion. While the patients were wearing the goggles,

they observed that the visually perceived location of

the hand relative to the body midline, rather than

the actual location of the hand, exerted an influence

on the temperature of the hands. Specifically, view-

ing the affected hand in the unaffected side of space

led to an increase in the temperature of the affected

hand, regardless of whether the hand was actually

located in the unaffected side. The authors con-

cluded that vision of limb position can influence

CRPS-related differences in limb temperature, with

little influence of proprioception and alignment

between vision and proprioception. To compare the

effects of visual displacement versus PA, it would be

interesting to examine in future studies whether the

observed differences in skin temperature are long-

lasting (i.e. whether they persist beyond the time

during which patients wear the goggles). Addition-

ally, it would be worth exploring whether PA

induces different effects on neglect, pain and auto-

nomic symptoms.

4. Conclusion

In conclusion, several studies suggest that PA could

be used as a non-invasive mean to alleviate pain in

lateralized chronic pain syndromes, in particular

CRPS. However, evidence of its clinical efficacy is

still lacking. Indeed, available data have been

obtained so far from very small groups of patients

(five patients in Sumitani et al. 2007a,b; one patient

in Bultitude and Rafal, 2010). Therefore, confirma-

tion of the effects of PA on pain clearly requires repli-

cation in larger samples. Furthermore, there is a lack

of data on the longer term effects of PA. Sumitani

et al. (2007a) examined long-term effects in only one

of the five patients. Bultitude and Rafal (2010)

reported that within 9 days of the start of the treat-

ment, the patient was pain free and pain relief medi-

cation was no longer needed. However, the authors

noted that 13 days after discontinuing prismatic treat-

ment, the patient had again the need for pain relief.

Furthermore, it is necessary that neglect-like symp-

toms in CRPS patients as well as non-CRPS patients

with lateralized pain be more clearly characterized

with appropriate and specific neuropsychological

methods going beyond basic neglect assessment tasks.

Indeed, these tasks have been validated in spatial

neglect patients due to right-hemisphere lesion,

whose characteristics differ markedly from those of

the chronic pain population. In addition, the exact

mechanism through which PA may modulate pain in

CRPS requires further studies assessing, e.g. the

effects of PA on the perceived body midline. Finally,

distinctions should be made between the short-lived

effects of prismatic visual displacement and the longer

lasting after-effects of prismatic adaptation.
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