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Abstract
Background Complex Regional Pain Syndrome (CRPS) is a disabling pain disorder that is most common after a distal 
limb fracture. While the acute systemic immune response to the injury is thought to play a role in the development 
of CRPS, this hypothesis has never been tested directly. Thus, we evaluated whether elevated levels of circulating pro-
inflammatory cytokines early after a fracture were associated with the development of CRPS.

Methods We conducted a case-control study nested within a prospective cohort study. Individuals with wrist and/or 
hand fractures were recruited from specialist hand units. Baseline clinical data were obtained from participants within 
28 days of fracture. CRPS status was determined 16 weeks after the fracture using a two-stage diagnostic process. 
Cytokine assays were obtained from all cases (defined using the Budapest criteria) and a random sample of those who 
did not have CRPS at 16 weeks. We calculated odds ratios with 95% confidence intervals to determine the risk of CRPS 
associated with the expression of each of 25 cytokines.

Results Baseline data were collected for 702 consenting participants, of whom 535 provided blood samples. 
Follow-up at 16 weeks was 97.2%. 15 (2.2% of the cohort) met the Budapest CRPS criteria and 69 (including those 
who met the Budapest criteria; 9.8%) met the International Association for the Study of Pain (IASP) CRPS criteria. In all 
of the primary analyses (using Budapest criteria) and 49/50 secondary analyses (using IASP criteria), 95% confidence 
intervals for the association between cytokine levels and the risk of subsequently developing CRPS included the null 
value (OR = 1). However, the confidence intervals were wide.

Conclusion There was no evidence that early post-injury expression of systemic cytokines was associated with a 
CRPS diagnosis 16 weeks after injury. This study does not provide support for the hypothesis that innate immune 
activation has a determinative role in the development of CRPS.
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Background
It has been estimated that approximately 3–7% of people 
with a distal limb fracture develop Complex Regional 
Pain Syndrome (CRPS) [1, 2]. Although fracture is the 
most common trigger of CRPS [3], other injuries such as 
intravenous cannulation, arthroscopy, sprain, and blunt 
trauma have also been reported. The clinical course of 
CRPS is often protracted [1] and involves the develop-
ment of pain and complex sensory, motor, cognitive, 
autonomic, neuropsychological and trophic changes, 
often resulting in substantial disability and emotional dis-
tress [4–9].

The key pathophysiological mechanisms of CRPS 
include dysregulation of cortical sensorimotor, vasomo-
tor, and inflammatory functions [4]. Observations that 
CRPS-affected body parts can appear inflamed have long 
suggested that aberrant immune processes play a key role 
in the etiology of CRPS [4, 10]. There is robust evidence 
of abnormal cytokine expression in the blood, blister 
fluid, and cerebrospinal fluid in individuals with estab-
lished CRPS [11]. Some individuals may in fact carry a 
greater immune-related risk for CRPS development, as 
the expression of class I and II human leukocyte antigens 
(HLA) has been reported as a risk factor for the disorder 
[12–16].

Three longitudinal studies have confirmed that the 
severity of early symptoms after a distal fracture is associ-
ated with the risk of developing CRPS. Two of these stud-
ies, with a combined sample size of 2145 fracture patients 
and a 4–7% incidence proportion of CRPS, found that 
moderate to severe acute pain intensity was associated 
with the later development of CRPS [1, 2]. Beerthui-
zen and colleagues reported that individuals who were 
later diagnosed with CRPS reported higher acute pain 
intensity (median 5.6, IQR (4, 7)) than people who did 
not develop CRPS (median 3.2, IQR (1, 5)) (1). Simi-
larly, Moseley and colleagues found that people report-
ing two-day average acute pain intensity of ≥ 5 out of 10 
were at greater risk of later developing CRPS (likelihood 
ratio for a 3–4 pain rating was 0.89, 95% CI (2.9, 2.72); 
5–6 pain was 15.1, 95% CI (10.6, 21.4); and 7–8 pain was 
78.9, 95% CI (35, 178)) [2]. In the third study, by Goris et 
al. [17], participants were assigned a regional inflamma-
tory score based on pain intensity, skin temperature dif-
ferences, color, edema, and range of motion. Participants 
with a high regional inflammatory score at baseline were 
more likely to experience a protracted recovery (r2 = 0.92, 
p = 0.01) but these findings were not specific to CRPS. 
This study also found that inter-limb difference in venous 
oxygenation was not predictive of CRPS. While none 
of these studies attempted to quantify immune activity 
directly, they suggest that early post-injury events such 
as inflammation may affect pain and recovery, and pose a 
risk for the development of CRPS.

To our knowledge, no study has directly tested whether 
systemic immune activation after injury has a role in 
the development of CRPS. Thus, the primary aim of this 
study was to test whether the post-injury systemic cyto-
kine profile measured within 28 days of a fracture influ-
ences the subsequent development of CRPS.

Methods
This study was conducted in accordance with the Helsinki 
Declaration and received human research ethics approval 
from South Eastern Sydney and Illawarra Health Service 
(HREC ref 10/051). All participants provided written 
informed consent prior to participation. We report the 
study in accordance with the Strengthening The Report-
ing of Observational Studies in Epidemiology (STROBE) 
statement for case-control studies (Additional file 1) [18].

Participants
The design was a case-control study nested in a pro-
spective cohort study. We recruited eligible individuals 
attending specialist hand units at three public hospitals 
in Sydney, Australia. The cohort included participants 
aged 18–75 who presented to a Sydney metropolitan 
fracture clinic within 28 days of a clinically confirmed 
unilateral fracture of the distal third of the radius, ulna, 
carpal bones, or metacarpals, and who were sufficiently 
proficient in the English language to enable study par-
ticipation. We excluded individuals who had a diagnosis 
of CRPS, a co-existing neurological illness, pathological 
fracture (e.g. related to malignancy), were pregnant, or 
had any coexisting illness that the treating surgeon felt 
would markedly alter normal treatment.

Study procedures
Baseline data were obtained within 28 days of the frac-
ture. Where possible this took place during the individ-
ual’s first outpatient hospital visit. Baseline data included 
medical history and self-report of clinical variables. In 
addition, blood samples were collected. 16 weeks after 
the fracture, all individuals were followed up by tele-
phone and, if there was any indication of CRPS, an in-
person clinical interview was conducted to determine if 
the individual had CRPS. Funding was not available to 
test all blood samples collected at baseline so, after all 
baseline and outcome data were collected, exposure data 
were collected (assays were conducted of cytokine lev-
els in blood samples) only for cases and controls, not for 
the entire cohort. The resulting nested case-control data 
were used to examine associations between exposure and 
the development of CRPS.

Baseline assessment
Self-reported average severity of hand or wrist pain 
over the preceding 48 h was assessed using an 11-point 
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numerical rating scale (NRS) [19–22]. For purposes of 
cohort characterization, we collected data on patient psy-
chological and functional states. Depression, anxiety, and 
stress were assessed using the 21-item Depression, Anxi-
ety, and Stress Scale (DASS-21) [23–28]. Participants 
also completed the short version of the Disabilities of the 
Arm, Shoulder and Hand (quickDASH) questionnaire 
[29, 30].

Identification of cases and selection of controls
The primary outcome of the study was development of 
CRPS within 16 weeks of fracture. A two-stage process 
was used to diagnose CRPS. First, at the 16-week follow-
up, study participants were interviewed by telephone 
using a set of standardized questions to assess the symp-
toms or signs of CRPS based on the Budapest [31] and 
IASP [32] diagnostic criteria (Appendix 1 in Additional 
file 2). Individuals who reported ongoing pain and the 
presence of two or more signs or symptoms of CRPS 
were invited to attend an in-person clinical examination. 
The diagnostic examination was conducted by investi-
gator JHM who was blinded to the initial clinical details 
of the individual and baseline pain score (Appendix 2 in 
Additional file 2). A second blinded investigator, GLM, a 
CRPS expert, made a diagnosis of CRPS after examining 
these data.

The primary analyses were conducted using the Buda-
pest criteria for CRPS. To meet the Budapest criteria, 
individuals were required to report the presence of con-
tinuing pain, have symptoms in at least three of four cat-
egories (sensory, vasomotor, sudomotor/edema, motor/
and trophic), and present with at least two signs in these 
same categories. Individuals could only be assigned to 
the CRPS (Budapest) group after a clinical examination. 
We did not discriminate between CRPS-I and CRPS-II, 
which are diagnosed based on the absence or presence, 
respectively, of an associated nerve injury.

Additional analyses were conducted using the IASP 
criteria for CRPS. To meet the IASP criteria, individuals 
were required, during the 16-week telephone interview, 
to report continuing pain, allodynia, or hyperalgesia; and 
report the presence of edema, skin blood flow changes, 
or abnormal sudomotor activity in the region of pain 
at some time since the injury [32]. Individuals could be 
assigned to the CRPS (IASP) group with or without an 
in-person clinical examination. All of the individuals who 
met the Budapest criteria also met the IASP criteria.

An exclusive sampling strategy [33, 34] was used to 
randomly select controls from the members of the cohort 
who gave blood, were followed up and were not cases at 
the follow-up assessment.

Ascertainment of exposure
Serum cytokines were measured in blood samples that 
were collected at baseline and prepared and stored using 
standardized protocols for < 2 years prior to analysis to 
minimize cytokine degradation [35–38]. Blood was col-
lected from a vein in the cubital fossa of the uninjured 
arm into one BD Vacutainer serum separator tube. The 
sample was allowed to coagulate for 30–60 min at room 
temperature, then centrifuged at 1500 g for 15 min and 
stored on wet ice. Within 6 h of collection, the superna-
tant was aliquoted and frozen at − 80 °C.

Cytokine concentrations were measured using human 
25-plex cytokine assay panels (Life Technologies, Carls-
bad, California, U.S.A.) and Luminex technology. The 
standard manufacturer’s assay protocols were used 
except that we extended the standard curve by one dilu-
tion to improve the test sensitivity because we predicted 
low cytokine concentrations in the study. In short, test 
samples were incubated with the bead mixture at room 
temperature, then incubated with the biotinylated detec-
tion antibody mix, incubated with streptavidin-PE, and 
finally resuspended in an assay buffer for reading on a 
Bio-Rad reader using Bio-Plex Manager v5.0 to deter-
mine cytokine concentrations. To test assay accuracy, we 
determined intra-assay coefficients of variation (CV) for 
identical sample duplicates (Table  1). To minimize bias, 
in all analyses, measurements of serum cytokine concen-
trations that were below the lower limit of quantifica-
tion (LLOQ) were replaced with values equal to half the 
LLOQ for the cytokine [39–41]. Cytokine concentrations 
above the upper limit of quantification (ULOQ) were 
replaced with values equal to the ULOQ.

Statistical analysis
Log binomial regression was used to quantify the uni-
variate associations (RRs) between baseline pain inten-
sity, upper limb disability, depression, anxiety, stress, and 
intraarticular fracture with subsequent development of 
CRPS.

The primary analysis quantified associations between 
cytokine levels and a diagnosis of CRPS made with the 
Budapest criteria. Participants were considered to have 
a high cytokine concentration (i.e. to be exposed) if the 
cytokine level was above the 80th centile for controls. 
We calculated odds ratios with exact confidence intervals 
for the association between each of the 25 cytokines and 
CRPS.

To test the robustness of the primary analysis, we con-
ducted two secondary analyses. First, we used logistic 
regression to further explore the relationship between 
cytokine concentrations and CRPS, this time treating the 
log10 cytokine concentrations as continuous exposure 
variables. Then, because of the low frequency of CRPS 
(Budapest) in our cohort, we made a post hoc decision 
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to repeat the primary analyses, this time defining CRPS 
cases less strictly. The cases in these analyses were indi-
viduals who satisfied the CRPS (IASP) criteria, of which 
a subset were those individuals who satisfied the CRPS 
(Budapest) criteria. In these analyses we adjusted for pos-
sible confounding by age (years), gender (male or female), 
and day since the injury. All analyses were conducted on 
Stata version 17.0 [42].

Results
Between August 2010 and March 2014 we screened 2403 
consecutive individuals against the study inclusion/exclu-
sion criteria. A study flowchart is presented in Fig. 1. 702 
people were included in the study cohort. Follow-up data 
were available for 682 participants (97.1% follow-up). Of 
the whole cohort, 15 participants met the CRPS (Buda-
pest) diagnostic criteria (risk = 2.4%, 95% CI 1.3–3.6%) 
and 69 (including the 15 who met the Budapest criteria) 
met the CRPS (IASP) diagnostic criteria (risk = 9.8%, 95% 
CI 7.8–12.3%) 16 weeks after fracture.

There were quite strong crude associations between 
baseline measures and the subsequent development of 
CRPS (Budapest). The relative risk (95% CI) was 4.0 (1.4–
11.5) for fractures with articular involvement, 1.4 (1.2–
1.8) for each unit on the 10-point NRS pain scale, 1.05 
(1.01–1.08) for each unit on the 100-point quickDASH 
upper limb disability scale, 1.12 (1.04–1.21) for each unit 
on the 21-point DASS depression scale, 1.13 (1.04–1.23) 
for each unit on the 21-point DASS anxiety scale, and 
1.12 (1.03–1.22) for each unit on the 21-point DASS.

The primary analyses included 12 individuals with 
CRPS (Budapest) who provided blood and 366 con-
trols. Characteristics of these participants are shown in 
Table 2.

There was no evidence, in the primary analyses, of an 
association between cytokine concentration and subse-
quent diagnosis of CRPS (Table 1; Fig. 2). The 95% con-
fidence intervals for all 25 cytokines included the null 
(OR = 1). However, confidence intervals for all estimates 
were wide. To increase statistical precision, we conducted 
further analyses which treated the (log10) cytokine levels 
as a continuous variable (Fig.  2, eTable  1 in Additional 
file 2), and used the more lenient IASP criteria for CRPS 
(Fig.  2; Table   1 in Additional file 2). The latter analysis 
included sufficient cases to allow some adjustment for 
selected confounders. In all but one of these 50 second-
ary analyses, the 95% confidence intervals for the asso-
ciation between and the risk of subsequently developing 
CRPS included the null value (OR = 1). The confidence 
intervals for these analyses were narrower than for the 
primary analysis but still wide.

Discussion
We tested the hypothesis that the acute post-injury sys-
temic cytokine profile is associated with the later diag-
nosis of CRPS. Because many factors modulate cytokine 
expression after injury – such as activation of the local 
host response at the site of injury, the stress-response, 
bone-healing, and surgery [43, 44] – we hypothesized 
that systemic cytokines would most closely reflect the 
complex mechanisms involved in the immune response 
to a localized injury. We found no evidence to support 
the theory that systemically circulating cytokines influ-
ence the development of CRPS, regardless of how CRPS 
was defined.

Multiple studies have reported that local, central, and 
systemic pro-inflammatory cytokines are upregulated in 
individuals with established CRPS [11]. However, these 
studies do not explain whether this aberrant inflamma-
tory response precedes CRPS or whether it arises later, 
once the condition has developed. To our knowledge, 
only one previous study tested the inflammatory hypoth-
esis of CRPS [17]. That study found that an inflammatory 
score was predictive of slow recovery but not specifi-
cally of the development of CRPS. However, that study 
assessed patients eight to nine weeks after the inciting 
injury and did not conduct a comprehensive assessment 
of immune function. In the present study, we compre-
hensively assessed the systemic immune response within 
28 days of injury and found no evidence that the acute 
inflammatory response is associated with subsequent 
CRPS development.

Our findings appear contrary to the prevailing theory 
for the development of CRPS [4, 45], and do not support 
the hypothesis that an exaggerated, systemic inflamma-
tory response to the inciting injury is associated with 
the outcome. However, our methods do not exclude the 
possibility that an aberrant inflammatory response to the 
inciting event plays a role in the development of CRPS. A 
more localized inflammatory response at the site of the 
injury [46], or the duration, rather than the intensity of 
the immune response to injury, may be associated with 
the development of CRPS. It is possible that other factors, 
such as those in the central nervous system or behavioral 
domains, play a larger role in the development of CRPS. 
Although established CRPS has been associated with 
immune, central, and behavioral changes, it is not known 
whether these mechanisms drive the development of 
CRPS. In the present study we found that although indi-
viduals who developed CRPS did not express higher lev-
els of systemic cytokines soon after their injury, they did 
experience more pain and psychological distress. This 
suggests that psychological and non-immune mecha-
nisms of pain may play more of a role in CRPS develop-
ment than an aberrant immune response [47].
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We recognize limitations of the present study. First, we tested systemic cytokines as the main exposure. 

Fig. 1 Recruitment flowchart showing numbers of included and excluded individuals at each stage of the study

 



Page 7 of 11Parkitny et al. BMC Neurology          (2022) 22:385 

Co
ho

rt
 D

at
a

Ca
se

-c
on

tr
ol

 d
at

a
Bl

oo
d 

ob
ta

in
ed

Bl
oo

d 
no

t o
bt

ai
ne

d
p

no
 C

RP
S

CR
PS

(IA
SP

 o
nl

y)
CR

PS
 (B

ud
ap

es
t)

p

N
um

be
r

53
5

16
7

33
5

31
12

G
en

de
r

fe
m

al
e

17
3 

(3
2.

3%
)

63
 (3

7.
7%

)
0.

20
10

8 
(3

2.
2%

)
17

 (5
4.

8%
)

7 
(5

8.
3%

)
0.

00
9

m
al

e
36

2 
(6

7.
7%

)
10

4 
(6

2.
3%

)
22

7 
(6

7.
8%

)
14

 (4
5.

2%
)

5 
(4

1.
7%

)

A
ge

, m
ea

n 
(S

D
)

38
.6

 (1
6.

4)
38

.5
 (1

6.
7)

0.
97

38
.1

 (1
6.

3)
51

.0
 (1

6.
2)

37
.8

 (1
1.

2)
<

 0
.0

01

D
om

in
an

t h
an

d
le

ft
64

 (1
2.

0%
)

19
 (1

1.
4%

)
0.

84
36

 (1
0.

7%
)

2 
(6

.5
%

)
1 

(8
.3

%
)

0.
73

rig
ht

46
8 

(8
7.

5%
)

14
7 

(8
8.

0%
)

29
9 

(8
9.

3%
)

29
 (9

3.
5%

)
11

 (9
1.

7%
)

m
is

si
ng

3 
(0

.6
%

)
1 

(0
.6

%
)

In
ju

re
d 

si
de

le
ft

24
1 

(4
5.

0%
)

69
 (4

1.
3%

)
0.

39
14

6 
(4

3.
6%

)
14

 (4
5.

2%
)

5 
(4

1.
7%

)
0.

98

rig
ht

29
3 

(5
4.

8%
)

98
 (5

8.
7%

)
18

9 
(5

6.
4%

)
17

 (5
4.

8%
)

7 
(5

8.
3%

)

m
is

si
ng

1 
(0

.2
%

)
0 

(0
.0

%
)

Pa
in

 N
RS

, m
ea

n 
(S

D
)

2.
8 

(1
.8

)
2.

9 
(1

.8
)

0.
38

2.
7 

(1
.8

)
3.

7 
(1

.7
)

4.
4 

(2
.2

)
<

 0
.0

01

Q
ui

ck
D

A
SH

 s
co

re
, m

ea
n 

(S
D

)
49

.5
 (1

5.
9)

50
.7

 (1
7.

2)
0.

38
48

.3
 (1

5.
7)

59
.4

 (1
6.

3)
61

.2
 (1

8.
1)

<
 0

.0
01

D
A

SS
21

 D
ep

re
ss

io
n 

Sc
or

e,
 m

ea
n 

(S
D

)
3.

4 
(4

.0
)

3.
4 

(4
.7

)
0.

82
3.

1 
(3

.9
)

4.
0 

(4
.0

)
7.

0 
(4

.2
)

0.
00

2

D
A

SS
21

 A
nx

ie
ty

 S
co

re
, m

ea
n 

(S
D

)
2.

2 
(3

.0
)

2.
7 

(3
.9

)
0.

09
1.

9 
(2

.7
)

2.
5 

(3
.7

)
4.

6 
(4

.7
)

0.
00

5

D
A

SS
21

 S
tr

es
s 

Sc
or

e,
 m

ea
n 

(S
D

)
5.

5 
(4

.6
)

5.
4 

(5
.1

)
0.

89
5.

2 
(4

.5
)

7.
2 

(4
.4

)
9.

0 
(4

.7
)

0.
00

2

Re
ce

nt
 o

r c
hr

on
ic

 il
ln

es
s

no
44

3 
(8

2.
8%

)
13

2 
(7

9.
0%

)
0.

59
28

0 
(8

3.
6%

)
25

 (8
0.

6%
)

8 
(6

6.
7%

)
0.

3

ye
s

92
 (1

7.
2%

)
31

 (1
8.

6%
)

55
 (1

6.
4%

)
6 

(1
9.

4%
)

4 
(3

3.
3%

)

m
is

si
ng

0 
(0

.0
%

)
4 

(2
.4

%
)

A
st

hm
a

no
48

3 
(9

0.
3%

)
14

4 
(8

6.
2%

)
0.

47
30

3 
(9

0.
4%

)
28

 (9
0.

3%
)

10
 (8

3.
3%

)
0.

72

ye
s

52
 (9

.7
%

)
19

 (1
1.

4%
)

32
 (9

.6
%

)
3 

(9
.7

%
)

2 
(1

6.
7%

)

m
is

si
ng

0 
(0

.0
%

)
4 

(2
.4

%
)

O
th

er
 p

ai
n

no
38

8 
(7

2.
5%

)
11

9 
(7

1.
3%

)
0.

99
25

3 
(7

5.
5%

)
19

 (6
1.

3%
)

8 
(6

6.
7%

)
0.

19

ye
s

14
7 

(2
7.

5%
)

45
 (2

6.
9%

)
82

 (2
4.

5%
)

12
 (3

8.
7%

)
4 

(3
3.

3%
)

m
is

si
ng

0 
(0

.0
%

)
3 

(1
.8

%
)

Co
ho

rt
 D

at
a

Ca
se

-c
on

tr
ol

 d
at

a
Bl

oo
d 

ob
ta

in
ed

Bl
oo

d 
no

t o
bt

ai
ne

d
p

no
 C

RP
S

CR
PS

(IA
SP

 o
nl

y)
CR

PS
 (B

ud
ap

es
t)

p

O
th

er
 in

fla
m

m
at

or
y 

co
nd

iti
on

no
49

7 
(9

2.
9%

)
15

5 
(9

2.
8%

)
0.

32
30

8 
(9

1.
9%

)
27

 (8
7.

1%
)

12
 (1

00
.0

%
)

0.
37

ye
s

38
 (7

.1
%

)
8 

(4
.8

%
)

27
 (8

.1
%

)
4 

(1
2.

9%
)

0 
(0

.0
%

)

m
is

si
ng

0 
(0

.0
%

)
4 

(2
.4

%
)

Fr
ac

tu
re

 s
ite

di
st

al
 ra

di
us

17
3 

(3
2.

3%
)

50
 (2

9.
9%

)
0.

62
10

0 
(2

9.
9%

)
15

 (4
8.

4%
)

7 
(5

8.
3%

)
0.

48

di
st

al
 u

ln
a

5 
(0

.9
%

)
1 

(0
.6

%
)

2 
(0

.6
%

)
0 

(0
.0

%
)

0 
(0

.0
%

)

Ta
bl

e 
2 

C
lin

ic
al

 a
nd

 d
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
st

ud
y 

in
di

vi
du

al
s. 

Th
e 

fir
st

 s
et

 o
f c

ol
um

ns
 s

ho
w

s 
da

ta
 fr

om
 th

e 
w

ho
le

 c
oh

or
t (

N
 =

 7
02

), 
se

pa
ra

te
d 

in
to

 th
os

e 
w

ho
 g

av
e 

bl
oo

d 
an

d 
th

os
e 

w
ho

 d
id

 n
ot

. p
 v

al
ue

s 
ar

e 
fro

m
 in

de
pe

nd
en

t s
am

pl
es

 t-
te

st
s 

fo
r c

on
tin

uo
us

 v
ar

ia
bl

es
 a

nd
 c

hi
-s

qu
ar

e 
te

st
s 

fo
r c

at
eg

or
ic

al
 d

at
a.

 T
he

 s
ec

on
d 

se
t o

f c
ol

um
ns

 s
ho

w
 d

at
a 

fro
m

 c
as

e-
co

nt
ro

l p
ar

tic
ip

an
ts

. P
er

ce
nt

ag
es

 th
at

 d
o 

no
t s

um
 to

 1
00

%
 in

di
ca

te
 m

is
si

ng
 d

at
a.

 C
RP

S 
(IA

SP
) o

nl
y 

pa
rt

ic
ip

an
ts

 a
re

 th
os

e 
w

ho
 s

at
is

fie
d 

th
e 

IA
SP

 c
rit

er
ia

 fo
r C

RP
S 

bu
t n

ot
 

th
e 

Bu
da

pe
st

 c
rit

er
ia

 fo
r C

RP
S.

 * Th
es

e 
in

di
vi

du
al

s 
w

er
e 

co
ns

er
va

tiv
el

y 
m

an
ag

ed
 a

t t
he

 ti
m

e 
of

 a
ss

es
sm

en
t b

ut
 s

ub
se

qu
en

tly
 w

er
e 

m
an

ag
ed

 s
ur

gi
ca

lly
. N

RS
 =

 n
um

er
ic

al
 ra

tin
g 

sc
al

e;
 

D
A

SH
 =

 D
is

ab
ili

tie
s 

of
 th

e 
A

rm
, S

ho
ul

de
r a

nd
 H

an
d;

 D
A

SS
 =

 D
ep

re
ss

io
n 

A
nx

ie
ty

 S
tr

es
s 

Sc
al

es



Page 8 of 11Parkitny et al. BMC Neurology          (2022) 22:385 

We may have obtained additional information about 
immune function by using complementary multi-omics 
approaches. However, we believe that the prevailing 
immune hypothesis necessitates a large, robust, and 
detectable shift in systemically expressed cytokines, 
rather than a subtle immune response only locally 
detected. Second, even though we recruited a large con-
secutive clinical fracture cohort and achieved a follow-up 
rate of 97.2%, the incidence proportion of CRPS in the 
recruited cohort (2.2%) was lower than expected, which 
reduced the precision of estimates of association. Our 
expectation was based on recent prospective studies that 
involved similar cohorts and used comparable diagnostic 
criteria to identify CRPS and reported incidence propor-
tions of 4–7% [1, 2]. There are several possibilities for 
our low incidence proportion. Our cohort was younger 
(mean age of 39 years versus 43–62 years) and had pro-
portionally fewer females (34% versus 51–83%) than 
the previously cited studies. This may be of importance 
because some studies have suggested that older women 
have a higher risk of developing CRPS [3, 48] The low 
incidence of CRPS may also reflect as yet unidentified 
clinical factors that minimize the development of CRPS. 
Because participants were recruited from specialized 
hand units that may have implemented early anti-inflam-
matory pharmacological therapies, it is conceivable that 
these strategies contributed to positive clinical outcomes 
and thus a lower incidence of CRPS. An alternate expla-
nation is that the low CRPS incidence could reflect the 
diagnostic process in our study. However, we suspect this 
is unlikely as we applied a rigorous and sensitive stan-
dardized process to diagnose CRPS. We used a two-stage 
diagnostic process that began with a telephone screen. In 
order to maximize diagnostic sensitivity during the tele-
phone call, we used multiple lay-language descriptors 
and examples for each CRPS sign and symptom (Appen-
dix 1 in Additional file 2); we also performed in-person 
assessments on people who reported pain and at least 
two of the three signs required for a diagnosis of CRPS. 
As such, we do not believe that the low incidence diag-
nosis of CRPS reflects a misclassification of outcome but 
instead provides valuable epidemiological data. Finally, 
we did not make a distinction between CRPS I and II 
diagnostic subtypes. While we acknowledge that includ-
ing individuals with CRPS arising from nerve injury may 
have introduced noise to the data, our aim was to identify 
whether a common immune response has a role in the 
development of CRPS [49].

The results of our secondary analyses were consistent 
with those of the primary analyses: they do not provide 
support for the idea that systemic inflammation plays a 
central role in the development of CRPS after a fracture. 
There is a caveat, however – there were wide confidence 
intervals around the estimated odds ratios. Therefore, we 

cannot definitively rule out an association between cyto-
kine concentrations and the development of CRPS. None 
of the cytokines showed very large ORs (> 5) across the 
primary and secondary analyses (Fig. 2).

Because it is not known what threshold concentra-
tions of the cytokines might affect the development of 
CRPS, we nominated that exposure to elevated cytokines 
occurred when cytokines exceeded the 80th centile for 
controls. To partially mitigate the risk of misclassifica-
tion of exposure we also performed secondary analyses 
where cytokine concentrations were entered into a logis-
tic model as continuous variables. The secondary analy-
ses confirmed the primary analyses and did not provide 
any evidence to support the theory that elevated levels 
of cytokines were associated with CRPS. It is possible 
that other aspects of inflammation, such as local inflam-
mation at the site of injury or the activation of central 
neuroinflammatory mechanisms are uniquely associated 
with the development of CRPS. While we would expect 
to see changes in systemically circulating cytokines when 
peripheral and central inflammatory mechanisms are 
activated, the precise relationships between local, central 
nervous system, and systemic concentrations of inflam-
matory mediators have not been elucidated in humans.

Conclusion
In this case-control study nested in a prospective cohort 
study, there was no evidence that early post-injury 
expression of systemic cytokines was associated with a 
CRPS diagnosis 16 weeks after injury. This study does not 
provide support for the hypothesis that innate immune 
activation has a determinative role in the development of 
CRPS.
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List of abbreviations
CRPS  complex regional pain syndrome.
HLA  human leukocyte antigen.
IQR  interquartile range.
CI  confidence interval.
NRS  numerical rating scale.
DASS  Depression, Anxiety and Stress Scale.
quickDASH  Disabilities of the Arm, Shoulder and Hand short version.
CV  coefficient of variation.
LLOQ  lower limit of quantification.
ULOQ  upper limit of quantification.
RR  relative risk.
OR  odds ratio.
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