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FuNctional changes iNn the primany somatosensorny cortex in complex
regional pain synorome (CRPS): a systematic review

Flavia Di Petrg Tasha R SEanton, Luke Parkitny, james H IMcAuley, Martin LoEze, Benedict 1M Wanao, G Lorimer Moseley

The brain plays a key role in CRPS. A widely-studied brain region in pain research
is the primary somatosensory cortex (S1), a somatotopic map of our body’s
surface which functionally reorganises in pain [1]. Changes in the S1
representation of the CRPS-affected body part have contributed to new CRPS
treatments, e.g. graded motor imagery. This systematic review and meta-analysis
aimed to determine whether CRPS is associated with:

a) a change in the size of the S1 representation of the affected body part;

b) altered S1 activity, in terms of activation levels and latency of responses.

METHODS:

We followed the PRISMA guidelines throughout
the review process [2]. Studies were included if
they investigated S1 function with neuroimaging
in adults with CRPS; and compared CRPS S1
function to a control sample (unaffected side or
healthy control participant). Only baseline
imaging data were extracted.

Risk of bias was assessed using an adapted
version of the Cochrane risk of bias form and
the STROBE statement [3, 4].

RESULTS:

Of the 925 records screened, 13 studies were
included. High risk of bias among the studies
was mainly due to sampling methods &
unblinded assessment of imaging outcomes.

These forest plots demonstrate: smaller S1
representation of the CRPS-affected hand than
that in the other hemisphere and in controls;
and inconsistent S1 activation levels following
stimulation of the CRPS-affected hand.

Findings from fMRI studies into S1 activation
were inconsistent. There was no difference in
peak latency of S1 responses between sides or
groups.

Right: Activation levels in S1 with peripheral stimulation.
Note the two studies of cortical disinhibition with paired stimulation paradigms

Below: Size of hand representation in S1

CRPS Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% ClI IV, Random, 95% CI

CRPS Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI

2.1.1 CRPS affected hand vs unaffected hand

Juottonen 2002 7 3.2 6 125 37 B 14.2% -1.47 [-2.81,-0.13]
Maihofher 2003 g 3.8 12 137 7.8 12 351% -0.90[-1.74,-0.05]
Pleger 2004 1.1 1 7 3.2 1 7 13.9% -1.97 [[3.32,-0.61]
Vartiainen 2008 6 5.7 12 10 5.7 12 36.8% -0.68 [-1.50, 0.15]
Subtotal (95% Cl) 37 37 100.0% -1.05 [-1.55, -0.54]
Heterogeneity: Tau*=0.00; Chi*=3.03,df=3 (P=0.39); F=1%

Test for overall effect: 2= 4.05 (P < 0.0001)

2.1.2 CRPS affected hand versus healthy controls

Pleger 2004 1.1 1 7 28 14 7o421% -1.31 [-2.50,-0.11]
Vartiainen 2008 6 5.7 g 11 45 9 57.9% -0.93 [-1.95, 0.09]
Subtotal (95% ClI) 15 16 100.0% -1.09 [-1.86, -0.32]
Heterogeneity: Tau*=0.00; Chi*=0.22,df=1 (P=0.64); F=0%

Test for overall effect: 2= 2.76 (P = 0.006)

i i 0 2 4
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3.3.1 CRPS vs unaffected side (median/ulnar nerve stimulation)

Pleger 2004 - median n. 13.2 3] 3 113 29 3 0.32[-1.31, 1.95] *
Lenz 2011 - Median n 221 119 21 296 1.92 21 -0.46 [-1.07, 0.15] —
Pleger 2004 - ulnar n. 67 1.8 4 722 4 -0.13[-1.52,1.26])
Subtotal (95% Cl) 28 28 -0.33 [-0.86, 0.20]

Heterogeneity: Tau*=0.00; Chi*=0.87,df =2 {(P=0.65); F=0% e
Testfor overall effect Z=1.22{(P=0.22) Ppr—

3.3.2 CRPS vs unaffected side (digit stimulation) D

Maihofner 2003 - D1 24 3 141 32 2.95[1.12, 4.78] : :
Maihafner 2003 - D5 221 2.4 131 35 2.77 [1.01, 4.53] Body in Mind

6
]
Vartiainen 2008 - D2 2845 8.2 g 21.3 81 0.84 [-0.17,1.84] 7 research into the role of the
Subtotal (95% Cl) 20 2.02 [0.52, 3.53] brain & mind in chronic pain

Heterogeneity: Tau®*=1.17, Chi*= 597 df= 2 (P = 0.09), F=66%

Test for overall effect: 2= 2.63 (P = 0.008) @'

university of | O@NSOM Institute
3.3.3 CRPS vs healthy control (median/ulnar nerve stimulation) University of | 0 Research

van Rijn 2009 -N20 Median 292 2453 8 259 255 012 [-1.00,1.24]
van Rijn 2009 -N35 median 2.35 262 8 228 112 4] 0.03[-1.09,1.15]
Lenz 2011 - Median n 221 119 21 429 275 -0.96 [-1.61,-0.32]
van Rijn 2009 - N20 Ulnar 2.28 1.87 g 242 1.29 7 -0.08 [-1.20, 1.04]
van Rijn 2009 - N35 Ulnar 1.8 1.98 9 246 1.32 -0.34 [-1.52, 0.85]
Subtotal (95% ClI) 54 -0.41 [-0.88, 0.06]
Heterogeneity: Tau*=0.04, Chi*=462, df =4 (P=0.33);F=13%

Test for overall effect: Z=1.71 (P =0.09)

3.3.4 CRPS vs healthy control (digit stimulation)

Vartiainen 2008 - D2 285 8.2 4 276 126 0.07 [-1.31,1.486]
Vartiainen 2008 - D2 285 8.2 4 302 12 -0.14[-1.46,1.17]
Subtotal (95% Cl) 8 -0.04 [-1.00, 0.91]
Heterogeneity: Tau®*=0.00; Chi*=0.05,df=1{P=0.82); F=0%

Test for overall effect: Z=0.08 (P =0.93)

3.3.5 Paired stimulation suppression: CPRS vs unaffected side

Lenz 2011 - Median n 0.96 0.41 21 095 0.32 0.03 [-0.58, 0.63]
Subtotal (95% Cl) 21 0.03 [-0.58, 0.63]
Heterogeneity: Mot applicable

Test for overall effect: Z=0.09 (P =0.93)

3.3.6 Paired stimulation suppression: CRPS vs healthy controls

Lenz 2011 - PPS 0.96 0.41 21 072 0.23 0.71[0.08, 1.33]
van Rijn2008-NS N20,20ms 3.51 2.92 458 289 -0.29[-2.01,1.43]
van Rijn2008-NS N20,40ms 271 2.2 3.07 285 -0.12[-1.82,1.58]
van Rijn2008-NS N35,20ms 271 2.2 3.07 285 -0.12 [-1.82,1.58]
van Rijn2009-NS N35,40ms 244 29 239 229 0.01 [-1.68,1.71]
van Rijn 2009-S N20,20ms 317 262 3.55 4.2 -0.10 [-1.80, 1.60]
van Rijn 2009-S N20,40ms 2.7 235 288 3.2 -0.06 [-1.55, 1.44]
van Rijn 2009-S N35,20ms 1.47 217 271 1.96 -0.50 [-2.05, 1.05)
van Rijn 2009-S N35,40ms 1.83 1.54 1.79 1.49 0.02[-1.41,1.45]
Subtotal (95% Cl) 0.24 [-0.18, 0.67]
Heterogeneity: Tau*= 0.00; Chi*=4.20, df=8{(P=0.84), F=0%

Test for overall effect Z=1.14 (P=0.26)
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Test for subgroup differences: Chi*=12.54 df=5(P=0.03), = 60.1%

The S1 representation of the affected hand in CRPS is smaller than that
of the unaffected hand and the hand representation in controls. We
were surprised, in light of widespread endorsement of cortical
reorganisation, that only four studies have investigated this and that
none of them have used fMRI, which affords the best spatial resolution

[5].

THE UNIVERSITY OF NEW SOUTH WALES

Two studies assessed cortical disinhibition in CRPS and had contrasting .
results. This is an important finding because cortical disinhibition has iggg&%ﬁg;\eﬂﬁitmna
been considered a key mechanism behind some of the behavioural \ Discover. Conguer. Cure.

findings in CRPS and behind the efficacy of some current treatments [1].

Cortically-directed treatments of CRPS have been embraced in research
and in the clinic; it would seem crucial that the research into the

1 H H M - THE UNIVERSITY OF
mechanisms behind these treatments maintains a comparable pace. ‘@ NOTRE DAME
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